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| Monſcigneur the DAUPHIN. 


 MonssiGNEUR, 


of writing and publiſhing a 
Courſe of Lectures in Experi- 
mental Philoſophy, which I had taught 
for many years; I could not have wiſh- 
ed a more favourable Opportunity, to 
offer them to the Publick, than fince 
you have been pleaſed to honour them 


with your Preſence and Regard. I ſhall 


now be excuſed; in the Publication of 


this Work, from extolling the Uſefulneſs 


of it's Suben, or ſhewing the Dignity 


[a 4 | oh 


— — - —— 6—L“ 4 — 


| \ FTER I had formed a Deſign 


„ DEDICATION 


of it: For theſe are ſufficiently proved, 

by becoming the Subject of your In- 
quiries, and by having the Approbation 
of thoſe wiſe Counſels which conduct 
your Studies. Such an Example would 
fully inſtruct us, were it not alrea- 


dy univerſally acknowledged, that the 
Knowledge of natural Effects is ſuitable 
#0 all Conditions. We might alſo con- 
clude from it, that it is ſuitable to all- 
Ages; had yau made no more than a 
common Proficience in other Sciences, 
and, had we not known the Proofs you 
_ have given, of a Genius abcady arcved : 
* If # figs of lame | 2 


5 | Fox theſe Ten Years Gi 11 have 
endeavoured to form, and bring to Per- 
ſection, a School of Natural Philoſophy, 


DEDICATION. "v 
what has moſt animated and ſupported 
my Zeal in this laborious Undeftaking, 
was the Hope I flattered myfelf with, of 
being able one Day, Monſeigneur, to 
offer the Fruits of it to you. | That Day 


is now come, the Limit of my Hopes 
and Deſires, and your own Commands 


engage me to it. 


Tus Publick will be informed of my 
good Fortune by this Dedication, and 
without doubt will perceive with Plea- 
 fure, that in making uſe of my weak 


Abilities, y&u honour with your favour- 
able Regards an Inſtitution, to which it 
| has already given it's Approbation. 
And everybody will be convinced, as 
well as myſelf, how happy I am to 
have fo favourable an Occafion of pro- 


Las  ' felling 


— | 
vn DEDICATION. | 
baggy Zeal, and of giving this. 
publick Teftimony of my inviolable 
Attachment, and of the profound Re- 
b 
at hs | 
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Mons EzIREZUx, 5 
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e. Hans, 
= my Obedient, and 


0 Foirhful Serum, 
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PREFACE 


HEN a Science comprehends only 
ſome Queſtions of ſmall Conſide- 
ration, or tho” they may ſeem to 
de of ſome Importance, yet if it 
_ determines thofe Queſtions only by probable 
Arguments, and is ſupported only by ſpecious 
Hypotheſes ; ſuch a Science will engage the At- 
tention of but few. It ſeldom comes into much 


Credit, nor will it receive any Improvement 
from Time, unleſs the Object of it be enlarged 


and reformed, For the Deſire of Knowledge, 


* which is innate in us, and which alone can 


excite our Application, will naturally lead us to 


the Love of Truth, and will fix us therein, 


when we. have any Intereſt to ſerve by it. 
Tus Reflection may eaſily be confirmed by 
the Hiſtory of Natural Philoſophy, if we- do 
but conſider the ſeveral Revolutions it has ſuf- 
fered from Time to Time. ; 3 


[34] For 


n PREFACE. 
Fox near Twenty Ages this Science has 
| hardly been any thing elſe, than a Collection of 
empty Syſtems, heaped one upon another, and 
often contradictory to one another. Every 
Philoſopher thought himſelf at Liberty to raiſe 
a kind of Monument to his own Reputation, 
wich was built upon the Ruins of all that 
went before him. Nothing could be perceived 
but ſome plauſible Scheme, which deſtroyed an 
Hundred others which ſeemed as plauſible. 

 TrxsE vain Attempts, ſo often renewed, 

gave but little Credit to the Opinions of Philo- 
ſophers: And the Effect naturally reſulting 
from thence, was to keep Men in Suſpence 
about the Doctrine of all Natural Philoſophers. | 
Nor can we be much furprized, if their Cu- 
rioſity was but little moved by*a kind of 
Knowledge, in which they ſaw ſo much Uncer- 
tainty to prevail, eſpecially when delivered in 
Terms which were ſo obſcure. For in thoſe Ages 
of Barbarity, as if the Sciences were aſhamed of 
+ their own Nakedneſs, and did not care to be 
too openly expoſed, thoſe that profeſſed them 
affected a Language which conveyed none but 
_ confuſed Ideas, the yreateſt part of which were 
abſolutely unintelligible, except to thoſe who 
had before reſolved to be ſatisfied with them. 
Inftead of CIC they had recourſe to 
Words 


PREFACE. ix 
Words void of Meaning, which had been in- 
troduced by the Authority of ſome great 
Names, and which a too awful reſpect ſtill 

obliged them to retain, tho' they could not de- 
rive any Light from them. 

Bur tho' Natural Philoſophy had hitherto 
been cultivated very imperfectly, and was hard- 
ly known, yet at laſt ſhe appeared in open Day, 
and was received with Approbation when ſhe 
offered uſeful Diſcoveries, and evident Truths, 
and when ſhe became intelligible to all the 
knowing World. Des Cartes was her firſt Re- 
former, and drew her out of the Obſcurity of 
the Schodls, where ſhe had grown old under 
the Authority of Ariſtotle. He left her nothing 
but the Name ſhe had hitherto been known by, 
and made her ſuch as the Schools themſelves, 
after being reformed themſelves by degrees, 
have adopted her in this new State, and teach 
her now in Terms that are intelligible, | 
Ta1s Reformation "conſiſts chiefly in the 
Manner of ſtudying Nature. Inſtead of making 
Conjectures, as had been the Practice before, 
and giving her as many Intentions and particular 
Powers as were the Phænomena to be explained, 
they took the Courſe of examining her by Ex- 
periment, of penetrating into her Myſteries by 
* and well directed Obſervations, N 
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Words void of Meaning, which had been in- 
troduced by the Authority of ſome great 
Names, and which a too awful reſpect till 
obliged them to retain, tho' they could not de- 
rive any Light from them. 

Bur tho' Natural Philoſophy had hitherto 
been cultivated very imperfectly, and was hard- 
ly known, yet at laſt ſhe appeared in open Day, 
and was received with Approbation when ſhe 
offered uſeful Diſcoveries, and evident Truths, 
and when ſhe became intelligible to all the 
knowing World. Des Cartes was her firſt Re- 
former, and drew her out of the Obſcurity of 
the Schools, where ſhe had grown old under 
the Authority of Ariſtotle, He left her nothing 
but the Name ſhe had hitherto been known by, 
and made her ſuch as the Schools themſelves, 
after being reformed themſelves by degrees, 
have adopted her in this new State, and teach 
her now in Terms that are intelligible. 

Tuts Reformation conſiſts chiefly in the 
3 of ſtudying Nature. Inſtead of mak ing 
Conjectures, as had been the Practice before, 
and giving her as many Intentions and particular 
Powers as were the Phænomena to be explained, 
they took the Courſe of examining her by Ex- 
periment, of penetrating into her Myſteries by 
2 and well directed Obſervations, Kot - 


\% 
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made it a Rule not to admit a . thing as a Dif» 
covery, but what ſhould appear to be evidently - . 
true. This new Method produced real Know- 
ledge, and every where exciting Attention and 
Curioſity, the Lovers of Science ſprung up 
every where, of I and 0 
tions. 

Warn the Taſte for Phyſicks became al- 
moſt general, it was then expedient to have it's 
Principles digeſted in ſuch a manner, that every 
body might reap the Benefit of them, We 
ſoon ſaw then Elementary Treatiſes in ſeveral 
guages, which in this reſpect might ſupply 
Wants of the Publick. But the Science 
they treated of grew under their Hands, and 
advanced more and more towards PerfeQion. 
Diſcoveries increaſed, Errors were ' corrected, 
and Doubts were cleared up. The fame Mo- 
tives that cauſed them to compoſe theſe Ele- 
ments, obliged them to renew them from Time' 
to Time, in order to admit the Improvements, 
the Corrections, and the Illuſtrations, which 
were of great Uſe to ſuch as were concerned in 
the Progreſs of this Science. Beſides it was 
- neceſſary that this Kind of Works ſhould be 
adapted to the Genius and Capacity of the ſe- 
veral Readers for whom they were deſigned. 
I know — ones of this Sort, 


which 


PREFACE = 
which have ſucceeded well in England, in 
Holland, in Germany, and which, if they were 
tranſlated into our Language, would hardly 
meet with ſo many Readers in France, becauſe 
the Principles are delivered in too cloſe and 
conciſe a manner, and require too ſtrict Atten- 
tion for thoſe who would only amuſe themſelves 
uſefully ; and becauſe they contain more Geo- 
metry than is generally known by moſt People. 

Tis now about five Years fince I publiſhed 
the Plan of my intended Courſe of Experi- 
mental Philoſophy, in which I gave an Account 
of my Manner of forming this Undertaking, 
and of the Progreſs it had made ſince it's Com- 
mencement. I then offered this ſmall Piece 
to the Publick, as a Table of Contents (a), 
which I propoſed to enlarge into a more con- 
ſiderable Work, and then lay it before the 
Publick, if it continued to favour my Endea- 
vours, and if I had Reaſon to hope my Lectures 
would be agreeable. This has already ſuc- 
ceeded even beyond my Expectation. When 
I propoſed this as à Condition, it was indeed a 
Kithe i me, and” an:the fans. clas a Line 


about me, and did not extend my Views beyond 
0 Plan, or gener es of x Courſe of Plyficks, Pe. p. 33; 
1 | the 


that I fixed to my Zeal, for I only looked round 


x PREFACE 
the Bounds of Paris. I little imagined that my 
weak Talents would be known beyond the 
Alps (6), and that I ſhould have the Honour of 
exerciſing them in a foreign Court, I could 
not preſume that my School ſhould not only be 
applauded, but alſo made a Pattern for the Col- 
leges in our diſtant Provinces (c), for Univer- 
fities, and for Academies themſelves. Laſtly, 
T could not preſume to hope, that even our 
Princes (d) would honour my Courſes with 


"bo (3) In 1739 I was called to the Court of Turin, where I cori- 

tinued near fix Months, to read Leſſons in Natural 
to his Royal Highneſs the Duke of Savoy. After which the King 
ordered all the Inftruments I had carried with me, to be laid up 
in the Univerſity, that the Profeſſors might niake uſe of them 
afterwards, to improve and teach Phyſicks by the Method of 

(c) Since the Publication of my Plan, ſeveral Colleges, as that 
of the Oratory, of Chriſtian Doctrine, and of St Lazarus, have 
undertaken to introduce Experimental Proofs into their publick 
The Univerſity of Rheims does the ſame, and I have ſent 
them a Collection of Inſtruments, which is already very con- 
ſiderable. 

The Royal Academy of Scienees, and of the Belles Lettres at 
Bourdeaux, have alſo furniſhed lately a fine Cloſet of Machines 
and Philoſophical Inſtruments, the execution of which they did 
me the honour to commit to my Care. | 
(4) In 1738 the Duke of Penthievre defired to ſee one of my 


Conrſes of Phyſick, at which his Serene Highneſs attended with 


great Application; and ſoon after I had the Honour to exhibit 
one at Verſailles, for „ 
at the cloſing of his Studien. 


theis 


. 
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their Preſence and Attendance, and that they 
would join their Approbation to that of the 
Publick : Nor that the Specimen they had 
of my Way of teaching, would procure me the 
Honour of performing in the Preſence, and for 
the Uſe, of Monſeigneur the Dauphin. This 
latter Advantage indeed yas a Spur to my 
but was what I may be faid rather to have 
wiſhed for thap to have had the n 


pes. 


ITuxsx glorious Eyents (which There mention 
not out of Vanity tho a ſufficient occaſion for 
it) are a kind of Pledge of the Succeſs of my 
Undertaking, and of the Approbation it may 
expect to meet with, It was on this Condition 
that I promiſed to publiſh this Work, of which 
Promiſe I now acquit myſelf. I ſhall make no 
Excuſe for having delayed the Publication for 
five Years. If I have any Reproach to fear, 
'tis for putting it in the Preſs ſo ſoon, For if 
it is ſuch, as I could wiſh it to be, thoſe far. 
whom it is defi gned will not take it amiſs, that 
| have taken ll the Tips that yas ar to 
render i it worthy of them. 

Tart Title of the Work ſufficiently declares 
what it is. They are my Lectures, ſuch as I 
bave uſed to read for theſe nine Years, to 


Companics aſſembled 9 them in 


common, © 


xiv PREFACE. 
common. I always ſuppoſe that the greateſt 
Part of them are not prepared to underſtand 
| Expreſſions of Algebra or Geometry, and ab- 
ſtract Diſcourſes which recede too far from the 
firſt Principles. I conſider alſo, that the Uſe 
Which might be expected, would be loſt to 
thoſe who are but beginning, or who intend to 
allow to this Study only ſome Moments of Re- 
creation, and which ſhall not intrench upon 
their more neceſſary Occupations, whether in 
regard to their Buſineſs or Pleaſure, Where- 
fore being more taken up with the Care of 
being well underſtood, than with the Objection 
that might be made to me of forſaking the 
Language of the Sciences, which is ſo much 
affected by many; I endeavour to ſpeak and 
write, as many good Authors have done before 
me, whoſe Works are accommodated to general 
Uſe. F 
Ts not that I have any Diſlike to theſe 
Forms of Expreſſion, or to the uſual Terms of 
Art, which are certainly more preciſe, and 
more contracted, and which put it in our 
| Power to purſue further a great many of theſe 
Speculations, which are the Subject of my 
Lectures; for I make Uſe of them myſelf to 
good Advantage, when I aſſiſt in a private way, 
Tick Perſons as are e to make Phyſicks 


A 
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a more ſerious Study, and who are prepared for 
it by a good Proficience in Mathematicks. But 
having Regard to the greateſt Part of my 
Readers, I have not thought proper to intro- 
duce into my Work, ſuch Calculations and 
Deductions which may be diſpenſed with, and 
which would require more Pains and Applica- 
tion than can be expected from them. I have * 
rather choſe to reſerve them for ſeparate Vo- 
| lumes, which I may give hereafter by way of 
Supplement, and ander the Title of Anno- 
tations. | 
Tao' I have avoided the Uſe of any Alge- | 
- braick Expreſſion, or any Geometrical Symbol, 
for the ſake of Readers to whom this Language 
may not be very familiar; yet I have not 
carried this Reſtraint fo far as to forbear the 
Uſe of ſuch Terms as Cuſtom has appropriated 
to theſe Matters. I have adopted the uſual 
way of Expreflion, that the reading of my 
Work may ſerve as an Introduction to other 
Books of Phyſicks. But I have took Care to 
diſtinguiſh theſe Words by the Italian- Charac- 
ter, when firſt they are made Uſe of, and to 
define and explain them in the cleareſt Manner 
5 And not to interrupt the Diſcourſe 
too frequent Definitions, which would be 
cel to many Perſons, I have placed a little 
"Sa Vocabulary 
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Vocabulary before this firſt Volume, and a Plate 
| in which Beginners may find an Explanation of 

ſuch Terms as will occur frequently in the Body 

of the Work, and which I ſhall ſuppoſe to be 
known by moſt of my Readers. 

I do not liſt myſelf here under the Standard 
of any of the celebrated Philoſophers. Tis not 
the Pbyſicks of Des Cartes, nor of Newton, nor 

( of Leibniz, that I propoſe particularly to fol- 
low ; but without any perſonal Preference, and 
without Diſtinction of Names, tis that which, 
by the general Vogue, and by well atteſted 
Facts, ſhall appear to me to be beſt eſtabliſhed, 
I have all the Reſpect and all the Acknowledg- 
ment poſſible for thoſe great Men, who have 
imparted their Thoughts to us, and haye en- 
riched us with their Diſcoveries, in whateyer 
Time and whatever Nation they have lived. 
I admire their Ingenuity, which is conſpicuous 
even in their Errors, and think it my Duty to 
pay them the Honours due to them. But 1 
take nothing upon their bare Word, except 
what I find to be confirmed by Experience, In 
| | Matters of Natural Philoſophy, we muſt not pay 

2 ' an abſolute Submiſſion to the greateſt Autho- 

7 | rity ; much leſs ought we to be Slaves to our 

own Prejudices, but to embrace the Truth 
— 8 * we find it, and not affect to be 
5 | 3 Newtonigns 
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| Newtiniatts at Paris, or Cartefiant at Lon- 9 


fon. | oy 

T6 confine myſelf the more ftrily within 

the Limits of my Title, I have omitted to pro- 

duce the different Syſtems which have bee 
propoſed concerning the Mechaniſm of th 
Univerſe, which have divided the Philoſophers 

both antient and modern. Tho” indeed with- 

but much Harm one might be intirely ignorant 

of all theſe Sallies of Imagination, which for 

the moſt part are not much to the Honour of 

the human Mind, and of which the very beſt | 
is nothing elſe but an ingenious may-be; yet | 
we can hardly be diſpenſed with from knowing 
thoſe which have gained the greateſt Reputa- 
tion; and I ſhould willingly mention what 
Des Cartes and Newton have delivered on this 
Subject, were I not prevented by an Author 
Whoſe Work (2) is in every one's Hands, and 
who has treated on this Matter with the fame 
Delicacy, as is to be found err eres 
Writings. 

I nave ſtudiouſly ſhunned all da 0 
Diſquiſitions, that might ſeem to ariſe from 
my Subject, that I might not recede from ſen- 
fible Phyſicks, and ſuch as are to be ſupported 
by Facts. They that would ſupply this ſcem- 


' (v) The Hiſtory of the Heavens, B. I. . 
11 3 


wii F REFA CE. 
| ing Defec, which I have fallen into by Deſign, 
may receive much Satisfaction by reading the 
Works of Father Malebranche, and particulac- 
ly that which be calls A Search after Truth. 
. In penning my Lectures I have obſerved the 
ame Method that I have been uſed to follow, 
| when I delivered them vive voce. In eich 
Matter I have choſe what I thought moſt in- 
| tereſting, what is the neweſt, and which might 
be beſt proved by Experiments. I explain the 
State of the Queſtion with all the Exactneſs and 
Clearneſ I am able; I ſearch into it's Ori : 
ginal, and take Notice of ſuch Authors who 
ſeem to have - handled it with moſt Succeſs, 
| Then I prove it by Operations of which I ſhew 
the Mechaniſm, taking Care to ſeparate it from 
whatever is. forcign to the Purpoſe, that the 
Attention may not be diverted. Laſtly, I bring 
together whatever has Relation to the Queſtion 
itſelf, or to the Facts which I bring as Proofs ; 
and that either in the Phenomena of Nature, 
or in the Proceſſes of the Arts, or in the M- 
chines that are moſt in uſe for the Conveniencies 
of Civil Life. Thus I have always proceeded 
from the firſt opening of my Courſes; and after 
having carefully ſtudied the Taſte of the People 
An this teſpect, I have met with nothing to 
| prevail with me to change this Order, but am 
1 Ather perſuaded, . 
i . I could 
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i could propoſe to myſelf. I have always been 
convinced, that Principles which are often ab- 5 
ſtracted enough, and which cannot be learned 
ſucceſlively without a painful Application, may 
yet be eaſily infinuated into the Mind, when 
they are thus interrupted by engaging Experi- 
ments, which at the ſame time oblige us to 

acknowledge their Uſefulneſs and Trath, - 
In the Diſtribution of the Matter; which 
ought to be conſidered as the principal Part of 
this Work, I have endeavoured to collect, under 
the ſame Title, ſuch things as have a neceſſary 
Connexion with one another; and I have taken 
Care to place thoſe Propoſitions firſt which are 
more eaſily underſtood, and which are to ſerve 
as Principles. for the underſtanding” thoſe that 
follow. Thus in Strictneſs, tho! one may take 
every Lecture ſeparately, and tho they have 
generally a kind of Independence on one an- "8 
other; yet I ſhould always adviſe the Reader, | 
if he would peruſe them with more Eaſe and 
Advantage, to take them in the Order they 
ſtand here, becauſe he will find ſuch Notions in - 
the former, which will aſſiſt him to underſtand 
| * latter. 

. Tas FaQs ] make uſe of to prove my | Pro 

poſitions, are not always ſo many, or ſo new as 
they might haye been. Thoſe that have ſeen 
y Apparatus of Inſtruments, and have been 
; | ld 2] preſent 
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preſent at my Gourſes, will wonder perhaps that 
in the Plates belonging to this Work, they only 
find a Part of what they have ſeen in my Collec- 
tion: It is fit I ſhould give a Reaſon why 1 
ſuppreſs what perhaps they might defire to ſee, if 
I propoſe theſe Volumes as a compleat * | 
of my Demonſtrations. 

Ever fince I undertook to teach 1 
Philoſophy I have been convinced, that the 
ſureſt Method of gaining Attention, and of 
readily exciting the neceſſary Ideas, was ac- 
cording to the Obſervation of a famous Poet (a), 
to ſpeak to the Eyes by ſenſible Repreſents- 
tions. In Compliance with this Truth, I pro- 
vided myſelf with certain Machines I had con- 
| trived, to make my Thoughts Be underſtood by 
| thoſe who have but a ſlight Acquaintance with 
the Sciences, and to make them comprehend 
- eaſily: and very ſoon ſome Notions, without 
which they would not readily enter into the 
State of the Queſtion, or apprehend the Proofs 
which eſtabliſh the Theory, But as theſe Me- 
thods are of no Significancy but in the Appli- 
cation, and the Pieces that compoſe them ex- 
preſs nothing but when they are in uſe, it 

would be needleſs to give a Deſcription * 


(4) Segnias irritant animos demiſfa per aures, 
Vun dus ſunt ocuisſubjeta Gelb 
Hon. de Art. Poet. 
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them. It would be only to multiply Plates 
without Neceſſity, which nn are but too 
numerous. 

AxorRHER Reaſon why I "TIP not . 
ſented i in this Work all that may be ſeen in my 
School, is this. I was unwilling to introduce 
more Experiments, than what were ſufficient 
folly to prove the Doctrine they contain. I have 
already faid elſewhere (a), I never intended to 
make my Lectures a Shew for pure Amuſe- 
ment, where one might ſee exhibited, without 
Deſign and without Choice, a great Number of 
Experiments fit only to engage the Eyes. 


think myſelf more able than any one in France, 
to ſatisfy the Curious by the Choice and Vari 

of Machines with which I am provided, but I 
ſhould not be much pleaſed if any one came 
to me only to ſee them in Operation; for I al- 
ways hope to find a more reaſonable Curioſity in 
my Audience. Therefore of all the Facts that 
I am able to produce to prove a Propoſition, I 
make uſe only of a certain Number which is 
ſufficient; and by this Management I gain 
Time for more neceſſaty things, and I have an 
Opportunity of varying my Proofs uſefully and 
agreeably, for thoſe that attend my Courſes ſe- 
veral Times, I have had the fame View in 


(a) The Plan or general Idea of a Courſe of Natural Philo- 
ſophy; Pref. p. 10. 57 A 
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writing. I did not deſign to overwhelm the 

Reader with a ſuperfluous Number of Opera- 
tions, ſo as to make him loſe Sight of the Doc - 
trine to be eſtabliſh'd ; but in producing Facts 
that are worthy of his Attention, I have ſet be · 
fore him ſuch Proofs as may confirm the Know- 
ledge he has already acquired. In a Word, 
whether at the firſt opening of my School to 
the Publick, or in producing my written Lec- 
— tures, I had always this in View, that it might 
have not ſo much a Courſe of Experiments, as 
a Courſe of Experimental Philoſophy. _ 
B the Deſcription I have given of my In- 
firoments, under the Title of Preparation, I 
do not undertake to deſcribe them ſufficiently 
for any one to imitate their Conſtruction; for 
this would have required a long Proceſs of Pro- 
poſitions, of the Choice of Matter, of Precau- 
tions to be taken, and very often Particulars fo- 
reign to my main Deſign ; which muſt have 
conſiderably enlarged the Bulk of my Work, to 
the Loſs of a great many Readers, who are ſa+ 
tisſied to know in general, that ſuch a Machine 
Vill produce ſuch an Effect. Yet as Lam ſen- 
ſible how uſeful it is, to have good Inſtruction 
concerning the Choice of Philoſophical Inftru- 
ments, and concerning the Manner of conſttuct- 
-- ing them; to comply with the Deſires of thoſe 
bens apply ne to this Science, the Num- 
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ber of which increaſes every Day, I have re- 
ſolved to collect into a ſeparate Work, what- 
ever a long Experience has inform'd me of theſe 
Matters. This Deſign is actually in Execution, 
and ſome Specimens of it may be ſeen in the 
Memoirs of the Academy of Sciences for the 
Years 1740 and 1741, where I have only 
omitted what chiefly concerns the Workman, 
As to my Choice of Experiments, I have 
ſometimes preferr'd thoſe which have been long 
known, before others that are more recent; 
either becauſe I found in them a more direct 
relation to the Propoſitions I had to prove, or 
| becauſe they gave an Opportunity for Applica- 
tions of more Importance, or laſtly becauſe 
they ſeem'd to me too neat to be omitted. 
Their Date then ſeem'd to me a Circumſtance 
of no Weight, for as this Work is not com- 
poſed for profeſt Artiſts, thoſe that ſee them 
here will ſtill find all the Recommendations of 
| Novelty; and beſides, things may have other 
Merit as well as that of being new. 
Perhaps I may be cenſured for admitting into 
my Applications ſome Remarks of ſmall Uſe, 
either becauſe the Subject does not deſerve the 
Pains, or becauſe they are obvious enough of 
themſelves. But it ought to be confidered, 
that this Work is not made for ſuch Perſons 
7 as have lived a good while in the World, 
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and to whom a long uſe has convey'd ſome Ideas, 
though perhaps obſcure and confuſed enough, 
bot by the Help of which they can perceive the 
near Cauſes of theſe common Effects: But I 
(HED intend jt for young Perſons of both 
Sexes, who pals the firſt Years of their Lives in 
Colleges or Boarding-ſchools, to whom every 
thing is new in Nature, . whoſe Minds are na- 
turally inquiſitive after this kind of Knowledge, 
and who ought to be initiated in clear and di- 
Ainet Ideas, and to judicious Inductions, by 
eaſy and familiar Examples. For it is the Ob- 
| ſervation of a learned Man, deſervedly in much 
Eſteem (a), That it is always requiſite to 
think juſtly, even in Matters of but r | 
Importance. | 

. BesIDes, Cate muſt be taken not to con- 
found the Effect with it's Cauſe, That may 
be known by the moſt illiterate Peaſant, but 
the other not by the wiſeſt Philoſopher. Who 
goes not know that a Spunge, a ſoft. Stone, a 
Lump of Sugar, will be quite wet before it is 

| holy plunged into Water? But does every 
one know why this comes to paſs ? Beſides, 
the moſt ' common Phznomena do not always 
appear to be ſo, when conſider'd- in all their 

| Circumſtances, Every one knows that a Stone 


| («) Mrde Fontenelle, Hifory of the Royal Academy of Sci- 
e 1 h ale 
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falls in Conſequence of it's Weight; but every 
one does not know, that in falling it deſcribes 
Spaces which anſwer to the Squares of the 
Times from the Beginning of it's Fall, Aſter 
having proved this laſt Effect, if I ſhould make 
an Application of it, and ſay, that a Bottle or 
Glaſs might break by falling, I ſhould certainly 
inſtruct no body. If I ſhould fay beſides, that 
the higher their Fall is, the greater Riſque they 
would run of being broken, this Truth would 
appear no newer than the former. But if 
I. ſhould add, that by falling a heavy Body is 
broken in Conſequence of it's accelerated Ve- 
locity, and that one might foreſee. the Effort it 
is able to make at the End of it's Fall, by 
meaſuring the Height of the Place from whence 
it falls; I cannot think this Obſervation would 
be uſeleſs to all thoſe to whom I propoſe it. 
And if after reading it any one ſhould complain, 
that I only inform him that a Glaſs may be 
broke by a Fall, or that the higher it falls, the 
more ſurely it will be broken; he would either 
ſhew but little Penetration, or much Perverſe- 
neſs. 
Tuanxs to the good Taſte which be 
in this Age, I can eaſily be diſpenſed with from 
ſhewing, that Natural Philoſophy is uſeful, and 
that there is Nobody but what may have ſome 
Adrantage from the Improvements that are 
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made every Day. Though this Science bears 
a Greek Name, tis now well known, that it's 
Object is no Foreigner. That the Knowledge 


i oſſers is uſeful to every Body, and that what 


it proclaims by the Voice of Experiment, may 
be heard by every Age, and in all Places. The 
Study of Nature was yet, as one may ſay, in 
_ it's Cradle; the Knowledge that was acquired 
of is Phenameng and their Cauſes hardly de- 
ſerved the Name of Science, when ane of the 


greateſt Men of Antiquity (a) thus cried her up, 


nn che greateſt Solace of the Mind of Man, as 


an Employment from whence it might derive 


Advantage at all Times, and in all Circum- 


ſtances of Life. With how much more Rea - 
fon may it now be recommended as ſuch, when 
| K engages whole Societies of karncd Men in all 
civilized Countries, that Princes honour it with 
their Protection, and {ſupport it by their Libe+ 
ruality? I Gay at this Time, when it's Advance» - 
ment is proclaim'd every Year by whole Vo- 
- lumes, from which.eyery one may derive, either 
according to his Inclinations or Occafions, ſuch 
Inſtructions as will » at leaſt improve and adorn 
his Mind. 


| 6) Hac kudis adoleſcentiam alunt, "RR e ; 
ſecundas res ornant, adverſis perfugiam ac ſolatium præbent; de- 
lectant domi, non impediunt ſoris ; pernoctant nobiſcum, pere- 
gjinatur, tuſticantur. Ciczzo pro Archid Pod. No. 16. 
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' In whatever Condition a Man is placed in 
the World, it ſeldom happens but he muſt ſame- 
times reflect on the Force of Bodies moving 
by their own Weight, or otherwiſe; upon that 
of Animals, upon the Impulſe and Mation of 
Fluids, upon the AQion and Effects of a great 
Number of Machines, cither old or new, on 
the Choice of which one has often occaſion ta 
know how to determine properly. Is it poſſible 
to obſerye the wonderful Effects of Teleſcopes, 
Optick-glaſies, and Microſcopes, the uſe of 
which is now became ſo common, without 
wanting to know the Mechaniſm and Proper- 
ties on Which the Conſtruction of theſe Inſtru / 
ments depends? To whom can it be of no uſe 
to be inform'd of what is new in a Science, 
which adminiſters to our moſt rational Amuſe- 
ments, ont Conveniencies, or Neceſſities ? Can 
it be a Matter of Indifference to us, whether 
we know or not ſuch things, as can employ us 
at leaſt agreeably, at ſuch Times and in ſuch 
Places as we cannot enjoy the Pleaſures of So+ 
ci? 

Bur che higheſt r Ny that which 


| Fe but be ſenſible of 


in ſtudying Nature, is the Neceſſity it lays us 
under of acknowledging every where the ſu- 
preme Being, who has form'd this immenſe 

Uniyerſe, and who continually ſuperintends by/ 
1 "Ge KI his 


* 


that Work of his, which bears the Title of 
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Providence over theſe his own Works, The 
farther we proceed in this Study, the more we 


ſhall be convinced, that the Object of it is not 
the Production of Chance. Every thing in it 


declares an infinite Power which amazes, a pro- 


found Wiſdom which is aſtoniſhing, Deſign 
and Goodneſs which demand all our Acknow- 
ledgment. Theſe Wonders which we have be- 
fore our Eyes, ſpeak to the Heart as well as to 


te Underſtanding : In inſtructing the one, it 


will naturally touch the other. What we learn 
of them, as it makes us leſs ignorant than the 
Vulgar, fo it gives us more lively Sentiments 


e e ee vs mus” Wligute 66 


perform it. | 
A illuſtrious Prelate (a), in giving and | 
count of the Education of a great Prince, which 
had been (entruſted to him, furniſhes me with 
an'Example, and alſo an authentick Proof, of 
the good Effects which may be hoped from 


Natural Philoſophy, when the Principles of this 


Science are taught with Choice and Deſign, and 
the Perſon inſtructed in it is capable of Reflec- 
tion. I ſhall conclude my Preface with a Tran- 
ſlation of his own Words, as they are found in 


(% Mr Boſluet, Bihop of Meauz, in his Latin Letter to Pope 
Innocent XI. — the — of the en 
N 16. 
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Politicis extracted from the Holy Scriptures, 
p. 41 (0). 
As to Experiments of natural things, faxe 
he, we have took Care that the moſt uſeful 
and the moſt elegant ſhould be perform'd be- 
fore the Prince; in which he has not found leſs 
Profit than Entertainment. They have made 
him acquainted with the Induſtry of the human 
Mind, and the nobleſt Inventions of the Arts; 
whether to diſcover the Secrets of Nature, or 
to adorn her, or to give her Affiſtance. But 
what was the moſt conſiderable, He has there 
been acquainted with the Art of Nature herſelf, 
or more truly with the Providence of God, 
which is at the ſame Time ſo manifeſt, AT 
ſio conceal'd. | | 
(a) . natumliam fic erhiberi ſscimm 
ut in his Prince ps ludo ſuav iſſimo atque utiliſſimo, humanæ mentis 
hiſtoriam, præclaraque artium inventa, quibus naturam & retegerent 
& ornarent, interdum adjuvarent: ipſam denique naturæ artem, 


immò ſummi Opiſicis & potentiſſimam & occultiſſimam Ned, 
tham miraretur. Boss vr, Ic. citat. 
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: poi 

the Percuſſion. 
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| W eee Badies move di- 
„ reftly contrary io each other,” the Motion in both will 
| be deftroy'd, or at leaſt in one of them, If any re- 

"mains after the Shock, the two Bodies will move the 

ame to; and the Quantity of their Motion will be 

W before the 

Shock. 

 __ Exper. I With two Bodies obeſe Maſſes and vebei- 

iii are equal, © | 
| Exper. II. With two Bodies whoſe Quantitits of Me- 

tion are in the Ratio of 1 10 2. | 

Corollres os Conquencer rom the preceding Pre 

© Poſitions. _ b a 


Article II. 07 the Shock of Elafc Bulle, 


Propoſition I. When an Elaſtic Body frites another 
. Elaſtic Body that is at Reft, or which is moving the 
_ - fame way; this after the Shock will move in the Di- 
| _ »- reftion of the Body which firuck it, with a Verity 

 compotmded of that «which was immediately given il, 

- or by Communication; and of that which it acquires by 
. Reation after the Shock ; and the firiking Body, 
f which the Elaſticity aff the contrary way, loſs 

| in the whole or in part what it had kept of it's primi- 
ide Velocity. © And if it's refletfed Motion exceeds the = 

| * © Remainder of it's primitive Velocity, it goes back- 

wars according to the Quantity of this Race. 
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bene Tus in Geometry, which 4o'mphy 
X Uſe of in this Werk. 


NGLE, is the Opening of two Lines which 
meet one another in a Point, as A C, B, C, 
EE Fig. 1. The Point of Concourſe C is call'd 
ho Vers bf che Angle, or the Angular Point. 
We chicfly diſtinguiſh three Sorts of Angles ; that 
is, the Acute Angle, the Right Angle, and the Obiuſe 
Angle. The Acute Angle is that which by it's open- 
ing includes leſs than the Quarter of a Circle, which 
may be deſcribed upon a Center, being the Vertex 
of the Anglez as A CB, Fg. 1. The Right Angle 


is that which by it's opening comprehends juſt a 

Quarter of the Circle; as ACD. And the Ob- 
tiuſe Angle is that which by it's opening contains 

abs 5 as A CE. 

25 * un, 


nl 


Anguler, which has one or ſeveral Angles. This 


Tennis ſometimes uſed to ſignify, that a Body is 


cut ſeveral ways. | 
Arch, ha Par of the Circumference'of. « Cin 
As the whole Circutnference is divided into 360 equal 
Parts. Arches are diſtinguiſh'd by the Number of 
theſe Parts or Degrees which they contain. Thus, 
when we ſay, an Arch of 10, of 3o, or of g30 De- 
grees. That which contains juſt go is commonly 
call'd a Qyadrant, or Quarter of a Circle. As when 
there are 180 Degrees, it is commonly call'd a Semi» 
circle, - Such are the Archa ABD, A D F, Rę. 1. 
The Name of Arch is alſo given to the Parts of all 
other Curves, which are not Circular. As we ſay 
the Arch of a Parabola, of an Ellipſis, Ge. 
| Area, The Surface or Space ineluded in any Fi- 
- gure whatever. The Area of a' Circle, for Exam- 
A © IPO 132-717: ee 
Circumference. 

Atmoſphere, ene b neee which e 
out of a Body, and ſurround it uniformly to à cer. 
rin diſtance. This Word is commonly underſtood 
of the Mak of Air, which ſurrounds the Terreſtrial 
. patet ger wet ainr age 
ein fide Line which &-Gippebed” wy bs la- 
moveable, while the Body which it paſſes through 
makes a Revolution about it. The Axis of a Sphere 
or a Globe is a right Line which paſſes through the 
Center, and is terminared at tuo oppolite Points of 

Et. . 


diſtane from all the 


rene; as C, Fig. 1, The Center of a Sphere or 


M 4 anale bre. 


the Surface, which are call'd Poles, The Axis of a 
Cone is alſo a right Line which begins at the Ver- 
tex, and ends at the Crier of the iiby/Wv FI th | 
2 | | 

Bake, Thatwhict ſerves enn Sontdetiaiver Bug 


port for any Body, or any Machine. We call the 


Baſe of a Cone or a Pyramid, the loweſt Plane which 
terminates it; ee e rege by e 


* 7 


Center, the Middle, en tbe hes da h equally 
and correſponding Parts 
of the ſame Body. The Center of a Circle is a Point 
equally diſtant from all the Points iv the Circumfe- 


Globe is the Point ęqually diſtant- from all theſe io 
the Superficies, We ſometimes giye the Name of 
Center to a Roint which is not equally diſtant from 
all thoſe which terminate the Figure; it is enough 
if it divides all it's Diameters into equal Parts. 
_ — 
8, 98 it is repreſented by N. 3. 
Circle, a Figure e 
which all the Points A, D, F, G. G. are equally 7 
diſtant from another Point C, which is call'd the Cen- 
ter, Fg. 1. It has been agreed to divide every 


„ 
— = 


 Gircle; great or ſmall, into 360 equal Parts, call'd 


Degrees. So that theſe Parts are always proportional, | 


that is, greater in greater Circles, and leſs in lefs, but 


always of the ſame Number in every one. Every 
Pegree is ſubdiyided into 6o Minutes, and every Mi- 


3 


* 
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nute into 60 Seconds, and every Second into 60 
Thirds, Sc. In the Sphere are diſtinguiſhed two 
Sorts of Circles, great and ſmall. The firſt” are 
thoſe the Diameters of which paſs through the Center 
of the Sphere; ſuch are the Equator, the Horizon, 
the Zodiack, &c. Thoſe are call'd leſſer Circles, 
the Planes of which do not divide the Sphere into 
two equal Parts; or, which is the ſame Thing, the 
Center of which is not the ſame as the Center of the 
Sphere. Such Fee r- pere - . 

Tropicks. 7 
| Circumference, Gini which returns into it- 
ſelf, which terminates and includes a certain Space. 
Such is the Line QT RS, Hg. 3. or A D F G, 
Fig. 1. Very often the Circle is confounded with it's 
Circumference ; yet, to ſpeak properly, the Circum- 
„ ee INE eee 
the Space terminate. 

Circular, chat which bas che Form of s Citcle or 
which is made by a Revolution about what As 
the Motion of a Sling is cireular. * 95 

Concave, that which is hollow and dend. The 
1 * 

Caoncreniric, which has thi: b Oe The 
Gn Fig. 4. is Concentric to N O H, be- 
. cauſe the Center C is common to both. 
Cone, a ſolid Body form'd by the Revolution of a 

right Line fixed at one end, and which by the other 
| deſcribes a Circle, the Radius of which is leſs than it- 
| felf,” This is the Form uſually given to a Sugar- 


Nr The Point! is call'd the Yeriex 
ca 4 . or : 


N 3 1 bed. 


the Circle L. MK it's B. 


ö — and 


ee 


which belongs to a Cone. The ſeveral Figures 


e Plain, 
are call'd Gonic Scttions. , 


. Converging, 2» Gd af ane or avec Rapref Light, 


| which are tending towards the ſame Point, to be 


united there. Thus if AC; BC, Fig. 1. were two 
Rays of Light, proceeding from the Points A and 
B; their Convergency would be in C, and the De- 


. wank TID 


Ange ACB. 


Conner, curved or arched, a3 the external garter 
of a Globe. : 

Cord, eta > Sola 
the Extremities of which terminate an Arch of a 
Circle, as NO, Fig. 4. This Line is alſo call'd a 
Subtenſe. If. the Arch which it meaſures were half 
the Circumference, or if it paſſed through the Cen- 
ter of the Circle, then it will . 
meter. 
Cube, amber — by fix. equal 
3 
See Ng. 35. 

Cubical,” which bas che Dimenſions of a: Cube. 
A cubic Foot expreſſes a Quantity of Matter, con- 

mind under ſix Faces ; each of which is a ſquare 
foot. 
© Gaar, is faid of « Line of which all the N 
#8659 the D. b inche Arch ABD, 


5 e 
_ * : 


Ane 1 
Fit. 1. We alſo call ahi a curved Surface, of which 
all the Parts are gt in the ſarne Plain. Suck is that 
of aGlabe, of Cylinder, &c. 

Ciurvilincar which is compoſed of curve Lines. 
| Cylinder, is a Solid which is compos d of circular 
Plains, all equal and parallel. The firſt and laft of 
theſe Circles are call'd the Baſes ; and the Line A B, 
paſſing through all the Centers, is all'd the Aziz of 
the Cylinder. See Fg. 7. 

_ Cylindrical, which has the Form, or Dimenſions 
of a Cylinder: This is to be underſtood as well of a 
Cavity, as of a ſolid Body. une 
K 4 4 gy 
Diagonal, à right Line, which paſſes from one 
Angle to it's oppaſite, in a Figure of ſeveral Sides. 
Such is U.X, Fig 6. | 

Diameter, a right Line which divides a Cirele into 
two equal Parts. As G D, Fg. 1. Wecall alſo by 
: this Name ſuch Lines as paſs through the Centers of 
other Figures ; as 8 T, Fig. 3. or U X, Fig. 6. 
Circles are meaſur'd by their Diameters, as alſo all 
other Figures ; and all the regular Bodies which are 
compoſed. of Circles. Thus Cylinders and Spheres 
9. — 
Diverging, is ſaid of two Rays of Light, which 
proceed from the fame Point, and continually depart 
more and more from each other; as CA, C B. 
proceeding from the Point C, Fig. 1. Divergency 


6 by the ſeparating 
Rays. - : 2 


1 


0 . . 
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wl A Vocabulary, &c. 
 * Equilaterah which has it's Sides equal. Such is 
"the Triangle CD E, Zig. 8.'compoe'd of three equal 
Lines. That Side on which the Triangle ſtands is 
Kates eee 
calld'ws Vertex,” 
Excentric, rr Cee The 
Circle o b i, Ng. 4. is excentric to the two others 
ol the ſame Figure, becauſe' it's Center D is not the 
ſame as theirs, which is in C; and the Diſtance be- 
tween C and D is the Meaſure of this Encentricity. 
Globe, or Sphere, is a regular Solid, of which all 
ein Surface dro" cqually-diftaat from & 
common Center. See Fig. 9. 
_ Globus, or little Globe. This Word is often 
uſed to ſignify a ſmall Body round on all Sides. 
Mercury, when ſeparated, parts into Globules. The 
= - lictle Particles ett yo oper cn 
} of ops," | 
Hemiſphere, half of a Sphere et Globe.” We of 
W Word, chat part of the Earth 
which is cerminated by the rational Horizon. The 
Sun every Day enlightens our HemiſphereG. 
| Hergen, which has fix Sides or fix Faces. We 
= ſay an Hexagonal Plain, —— 
1 Herixantal, parallel to the Horizon. This Word 
$7 mens ie Polition of «Plain, or of a Line. 
Fo . _-® Incidence, Ggnifies the Falling or Direction of a 
_ Line upon another Line, or'a Plain. We call that 
- the Angle of Incidence which is _— by” this 
Meeting. 


Ln, 
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Line, is a Succeſſion of Points as near as poſſible to 
one another. If the Points are in the ſame Dire&i- 
on, they make a right Line, as E F, Fig. 10. If 

not, they make a Curve-line, as EGF, We may. 
conceive all Curve-lines as compoſed of infinitely 
little right Lines, inclined infinitely little to one 
another, as Ef, fg, gb, ik, Fig. 10. In this 
Senſe there will be properly no Curve-line. 

Obtuſe, is ſaid of an Angle which has more than 
go Degrees. See Angle.” 
Parallel, is ſaid of a Surface, or of a Line, which 
in it's whole extent is equally diſtant from another 
Surface or another Line. The Lines X x and U « 
are parallel to each other; Fig. 6. | 

Parallelogram, a plain Figure, of which the oppo- 
ſite Sides are parallel to one another. Such is 


Fig. 6. 
Pentagon, a plain Figre terminated by five Sides. | 


Perpendicular, in ſpeaking of a Line or Surface, 
ſignifies, that it has ſuch an Inclination to another 
Line or Surface, that it makes with it two right - 
Angles, or one at leaſt. The Line HI is perpen- / 
dicular to L M, Fig. rr. 

Plain, an Extenſion or Superficies that is ſtrait and | 
- ſmooth, terminated by one or ſeveral ſtrait Lines or 

Curves, | Fig. 1. repreſents a circular Plain. Pig. 6. 
repreſents a ſquare Plain. 
Point, the leaſt extended Thing poſſible 3 the Di- 
menſions of which cannot be diſtinguiſh'd, This is 


rather call'd a Phyſical Fein: 


— 


Pole, 


i _  Vecabdlary, Ke. 

Pale, one of the Extremities of the Aris, about 
which Revolutions are made. The Poles of the 
World are two immoveable Points, about which the 
Revolution of the whole Sphere is perform'd. 
Polygon, a Figure that has many Sides. This is a 
general Name, of which the Species are à Triangle; 
a Square, 4 Pentagon, a Hexagon, Cc. 
Priſm, a folid Body terminated at the two Ends 
by two plain Polygons, which are equal, like, and 
parallel, and as tv it's length, by ſo many Parallelo- 
grams as there are Sides in the two Polygons, which 
are ealbd its Baſts. When theſe two Baſes are Tri- 
angles, the Priſm is ſaid to be Triangular. n 

that as is repreſented by Ng. 14. 
Priſnatic, which has the Figure of a bum of 
which has ſome relation to a Priſm. Thoſe are 
call'd Priſma ic Glaſſes, which are made uſe of to ſe- 
parate the Rays of Light. Alſ the colour d Rays of 
Light, which the Glaſs Priſm makes us perceive; 
are ſometimes call d Priſmatic Colours. | 

Pyramid, is a folid Body of ſeveral dn avid 


which riſes into 4 Point, Fig. 13. The Cone may 


ur a 2 round F'yaanid. 

Quadrilateral, a Figure terminated: by four right 
Lines, Fig: 6. is a regular quadrilateral Figure, 
Radius, or Ray, ſpeaking of a Circle, is à right 
Line drawn from the Center to the Circumference: 
Suck: is CR or C D Fig. 1. The Radius of a 
Circle is alſo call'd it's Semi diameter. 
ReRangle, is ſaid of a. Figure which page er 
, more right Angles. The Triangle V X v, Hg. 6. 
git 8 * 


— &c. - 
it rectangular, c er e e TO 
Angle. 


Redflilinear, which is compos'd of fake * 


The two Triangles or the Square, Kr. 6. e 0 
linear or right - lined Figures. 

Se#or, is a Triangle form'd Wen 
two Rays. Such is A BC, Fig. 1. The Sector of 


minated at the Plain of a Segment. 


Segment, is a Portion of à curve · iined Figure ter- 


minated by an Arch and by a Chord. O Z N, 
Fig. 4. is a Segment of a Cirele. We alſo ſay the 


Segment of a Sphere, to expreſs the Part which is con- 


tained by a Portion of the convex Surface, and by a 


Plain which does net paſs through the Center. *Tis 


in this that a Segment differs from an Hemiſphere. - 

Sine, is a right Line which is drawn from the 
Extremity of an Arch of a Circle, perpendicularly 
upon the Diameter which paſſes through the other 
Extremity of the fame Arch. This is: call'd: the 
right Sins, as BY K, Fig. 1. But the Part of the 
Diameter cut, off by the right Sine as far as the Cir- 
cumference, is called the verſed Sine, or Sapitta, as 
K G, And the whole Radius or Semi-diameter is 
the Sine total, or the greateſt of all the Sines, 

Spbene. See Globe, 

Spherical, which has the Figure of a Sphere ; as 
a Ball which is perfectly round on all Sides. | 

Spheroid, a ſolid Body which approaches nearly 


to the Figure of a Sphere, but is not perfectly round 


on all I, having not all it's Diameters equal. 
| This 


xlvil 


a Sphere is an erect Cone, the Bald of” which is ter- 


— 
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Earth. 
- Square. a Figure of four Sides, having it's Angles 


right. If it's four Sides are equal, it is call'd a per- 

felt Square, If it has two Sides long, and the other 
two ſhort, which are oppolite to each other, it is 
- call'd a long Square. - Fig. 6. is of the firſt kind. 


Triangle, a Figure comprehended by three Lines, 


which from three, Angles, C, D, E, Fig.8. Tri- 


angles receive different Names, according to the Na- 
ture'of the Lines and Angles which compoſe them. 
Thus we call that a right-lined Triangle, which is 
compoled of right Lines, Curvilinear, if compaſed of 


- Curves, mix d when partly of each: Refangular, 
l 


Sides are equal, Cc. 
e e e de Heaven * 


which is directly over our Heads, and is otherwiſe 
calld the Zenith. A Line falling trait from this 
Point is neceſſarily perpendicular to the Horizon. 
Wherefore we fometimes uſe this Word to expreſs a 
Direction which falls at right * bori⸗ 


- .Zontal Plain, 


- 
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INTRODUCTION. 


® AT U RA L Philoſophy is the Science 
of Body. It's Object is to krow the 


diss, by che Eſſects they exhibit to our 
Senſes, and by the Laws according to which cheir 
mutual Actions are performed. Lis in this chiefly 
that it differs from Natural Hiſtory, which only in- 
forms us what are the Productions of Nature, and 


the ſenſible Differences by which they are characte- 
ized, according to their ſeveral Kinds and Species. =D 


Wr call Natural Bodies all the Material Subſtan- 


ces, the COPD ot which, compoles the Upiyctſe, 


Yon.” "Wy 


2 


« (: Productions of Nature by their Proper- 
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2 Lectures in Experimental Philoophy. 
What we obſerve in them to be uniform and con- 
ſtant, of which we do not perceive the Cauſes, we 
call Properties ; and we ſet out from hence, as from 
a fixt Point, to explain the different Phænomena; 

not daring to aſſure ourſelves, that what we aſſign as 

a firſt Phyſical Cauſe, may not be the Effect of ſome 

other Principle, which is unknown to us. 

Ir we were certain of having entirely exhauſted the 

| Mature of Body; if we knew beyond all Doubt, that 

| it had no other Properties, but thoſe which already 
= D ere we might juſtly boaſt 

of having a compleat Idea of it, and we ſhould have 
nothing elſe to do but to make Applications, in or- 

der to give a Reaſon of the Natural Effects, which 
are the Object of our Study. But we are very far 
from being able to preſume ſo much. We certainly 
have no Right to make ſuch a Suppoſition. That Ex- 
perience, which has taught us what we know of theſe 

Properties of Bodies, is ſo fat from tellingus that it has 

e eee eee 

to promiſe us an inexhauſtible Source of new Diſco - 

Þ oe: Experiments we make every 
Day. 

Taro? Phyſicks cannot boaſt of knowing all that 
Bodies have i in common amongſt themſelves, or what- 
ever is particular in every one ; yet it knows a certain 
Number of Attributes, which it looks upon as pri- 
mary, till it perceives a prior Cauſe, of which they 
are only the Effects, and which is found in a general 
and abſolute manner, in whatever is material. Such, 

| for Example, is actual Extenſion, Figure in general, 

| Capacity 
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3 
Capacity of Moving. &c. which are connected with 
all Bodies in an inſeparable Manner, in whatever 
State or Circumſtances they may exiſt. 

Tux are Properties of an inferior Order, which 
do not belong to all Bodies, but as they are placed in 
certain States and Circumſtances. Theſe are com- 
monly nothing but Combinations of the former, and 
make a ſecond Claſs, Such for Example is Liquidity 
or Fluidity, which probably depends on the relative 
Motion of the ſeveral Parts, or on their Figure, Mag- 
pitude, &c. So that thoſe Subſtances only can be 
called Fluids, which are in ſuch a particular State: 
Thus Fluidity is the Property of Water which can 
run, and not of Ice, though it be the ſame Body. 

LasTLY, Theſe Properties of the firſt and ſecond 
Order are more and more combined, and ſo belong 
to a leſs and leſs Number of Bodies, Then. they are 
no longer extended to all, as the firſt are, They do 
not involve certain Conditions, as the ſecond. | They 
are limited to certain Kinds, Species, and even to In- 
dividuals themſelves. Such are many Properties of 
the Air, of Fire, Light, Metals, of the Load-Stone, 
Sc. Therefore we ſhall firſt treat of the more general 
Properties, and then we ſhall nnn 
thoſe which are in u to certain Bodies. 
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SECTION: ee 
; Of the Extenfion and Diviſbility of Bodies. 


at leaſt to our Senſes, when we examine the Bodies 
that furround us, is their Extenſion, that is to ſay, a 


limited Magnitude of any Shape, in which we con- 


ceive Parts diſtinguiſhable from one another. 


 MaTERIarL Extenſion, which is what we treat 
of here, has three Dimenſions, Length, Breadth, and 
Depth, which Geometricians conſider and meaſure 


ſeparately one from another, but which in Phyſicks 


are inſeparable. For, the ſmalleſt Body is ſolid ; it 


has at leaſt two Surfaces really Giſtin& ; and as the 


Depth is compoſed of Surfaces, and that theſe Sur- 
faces reſult from a Collection of Lines; it follows that 


the leaſt of all Bodies is long, broad, and deep. 


ALL the greater Bodies, I mean thoſe which are 
ſufficiently extended to be viſible or palpable, may be 
divided into ſeveral Portions, which continyally de- 


creaſe in Magnitude, as the Diviſion increaſes; till at 
laſt every one of them is too little to be perceived by 
our Senſes. Thus the File reduces, as it were, to a 


Powder a Piece of Metal, un | 


ä 


et 4 * * 
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1 AT which firſt preſents ieſelf to our Ideas, or. 
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How ſmall ſoever theſe Particles of Matter may ap- 
pear to us, we are eaſily convinced that they are ſtill 
diviſible. The Arts inform us by a thouſand different 
Proceſſes, that theſe little Bodies are themſelves a Col- 
lection of Particles, or little Maſſes that are ſeparable 
from one another. A Grain of Wheat which the 
Mill-Stone grinds into Flour, is ſtill farther ſubdivi- 
ded in the Water, which aſſiſts it's Fermentation. 
Tus Particles themſelves, which are only ſen- 
ſible when there are many of them together, and which 
our Eyes can hardly diſtinguiſh from one another with 
the beſt-Microſcope, are farther- decompounded on 
many Occaſions, and inform us in a very convincing 
manner, that they have Parts which may be ſeparated 
from one another, and which very often have no Re- 
ſemblance to one another. A Piece of Wood, put in- 
to the Fire ſoon ceaſes to be Wood. Not only the 
Particles which make up it's Maſs are diſunited, but 
thoſe very Parts which Nature had connected together 
to form theſe Particles, yield alſo to the Action of 
the Fire, and appear ſeparately under the a 
Smoak, of Flame, of Aſhes, Oc. 1 
FinALLy theſe laſt Parts, which are 8 Jifie. 
rent from one another, but the Union of which form- 
ed little Maſſes like one another in the ſame whole; 
theſe, Parts (I ſay) are not yet ſuch Things as we may 
conſider. as abſolutely indiviſible. Tho' ſometimes. 
the Name of Principles is given them, *tis rather a 
Denomination they have received from Cuſtom, than 
a Character upon which we may rely, in attributing 
to them a real Phyſical Indiviſibility. We have Rea- 
„ Ag | ſon 


6 Lefures in Experimental Philoſophy. 
ſon to believe, that in the State in which they general- 
ly preſent themſclves, they have not acquired the laſt 
poſſible Degree of Smallneſs. They have their Ele- 
ments, and theſe Elements are ſtil! of a different Na- 
cure in moſt of them. Such, for Example, is Sulphur, 
which heretofore was looked upon as a Subſtance 
which is unalterable, made uſe of by Nature in the 
Compoſition of Bodies; which a more perfect Phyſicks 
has ſince found means w decompound, and even to 
imitate. | 

Bur after we have exhauſted alt our Endeavours 
to divide any Part of Matter, and all our Proceſſes 
fail us, and Experiment refuſes to inform us better; 
What ought we to think of the Diviſibility of Body; 
and what Rule can we follow in our Conjeftures ? 
Muſt we think that all is done, and that we have 
purſued Nature into her laſt Retrenchments, and 
that we are arrived at thoſe ſmall ſimple Bodies, with 
Which we may ſuppoſe me began thar Work, which 

1 

Ir would be Preſumption to think it, and the 
Difficulties themſelves, which we have met with in 
our Trials, ought to make us at leaft to ſuſpect the 
contrary. When we undertake to divide a Body, 
the Execution becomes more and more difficult, in 
Proportion as the divided Parts decreaſe in their 
Bulk. Tis becauſe we cannot ſeparate them, but 


Sagan Matter act upon them to diſunite 
| „„ ee eau eee borer 
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ſeparate, The ſmaller they become, the leſs hold | 
they afford tothe Means we uſe, and their Diſunion 1 
is ſo much the more difficult, the more they reſemble, 

or the nearer they approach to, their firſt Simplicity ; 

whether they then touch by Surfaces that are more 
analogous, or that few Bodies are to be found har- 

der and ſmaller than they are, in order to ſubdue 
them. *Tis therefore very natural to think, that 
when Matter can no longer be divided, tis not be- 
cauſe it has no Parts that are farther diviſible ; but | ; 
n eee EE A ee > * * 
Continuity. 3 

Is Matter therefore diviſible ad infiaitum ? What 

we have faid hitherto, does not oblige us to make 
this Concluſion. And this Queſtion, which makes 
ſo much Noiſe in the Schools, appears to be reduced 
within a ſmall Compaſs, when Men underſtand one 
another rightly. For if it is underſtood of a Divi- 
ſibility, which is meerly ideal; it is plain we may 
anſwer in the affirmative ; for then the whole will 
come to this, whether we can conceive a Body al - 
ways as diviſible, however divided it may already be. 
But it is certain we can conceive it in this Manner: We 
ſtill imagine there are two Halves in the ſmalleſt 
Particle, The Surfaces that comprehend it, tho? 
infinitely near one another, can never coincide ; and 
we may always ſay the ſame thing, at every new 
Diviſion that we can ſuppoſe. This imaginary Di- 
viſion therefore has no Bounds, ſo that if Art and 
Nature could extend ſo far, as to execute all that we 
can conceive, we might find in the Wing of the 


ſmalleſt 
443 


c 
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ſmalleſt Fly a Number of Parts, which at laſt would 
be equal to that of the Grains of Sand, which are 


ſcattered upon all the Shores of the Ocean. A Pro- 
poſition which can appear a Paradox only to thoſe, 
who would confound the Compariſons of Numbers, 
which only can have Place here, with —_ of ma- 
terial Magnitudes. 

Bur is Nature as fruitful as our tine ? 
That which we conceive as poſſible, does it really 
obtain in Nature? Suppoſe theſe little Portions of Ex- 


+ tenſion, which touch one another without Confaſion, 


. to be really diſtinguiſhed from one another, are they 
therefore actually diviſible? Have they everexiſted, or 
does their Nature allow them to exiſt ſeparately from 
one another? Upon this, Experience has pronounced 
nothing that is certain ; and as in Natural Philoſo- 
phy, Proofs drawn from Fact are the only ones that 
teach us any thing, we may lay that this 3 is 
| undecided. 

Ter many Philoſophers, by ſuppoſing Limits to 
this Phyſical Diviſibility, have taken upon them to 
ſay, that the Elements of Bodies are abſolutely indi- 
viſible, and that Nature in ſorming them had im- 
poſed as it were a Law upon herſelf, never to ſuffer 
them to be divided. For a Proof of this, they alledge 

the Experience of ſix thouſand Fears. Tis on this 
account, ſay they, that the natural State of things 
has always ſubſiſted the ſame from it's firſt Original. 

An Oak is an Oak for ever, a Horſe at this Day is 

what it was at the Beginning If the Buds, or that 
which ane every Nature in particular, was a 
: ä | | thing 
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thing diviſible, would not Nature in general have 
changed her Face, by the ſeveral Mutations that every 
particular Species mult have ſuffered ? 

Tuo' I am more inclined to admit the Being of 
Atoms, or "inſeparable Corpuſcles, than to ſuppoſe 
Matter phyſically diviſible ad infinituth ; yet I cannot 
diſſemble, that the Argument I have now brought, 
as ſpecious as it may appear, is not of Force ſufficient 
to decide the Queſtion, and that a ſubſtantial Anſwer 
may be given to it. For though theſe little Beings, 
the immediate Productions of Creation, were not in- 
diſcerpible as is ſuppoſed ; would not the Author of 
Nature have ſufficiently provided for the Continua- 
tion of his Works, by ſuffering only. ſuch Means to 
exiſt in the World, as are unable to diſorder the 
CEconomy of it? Let it be proved then, that an 
abſolute Indiviſibility of the primary Parts, is the 
only way that the Wiſdom of the Creator could have 
taken, to render each Species unalterable. But if 
this admirable Uniformity, with which we ſee Na- 
ture to be reproduced every Day, is not an invincible. 
Proof of the Exiſtence of Atoms; it ought at leaſt to 
make us think, that we ſhould not ſo eaſily ſuffer 
ourſelves, at our own Humour, to change one Man- 
ner for another. All the Means that Art can furniſh 
us with for ſuch Operations, would be but feeble 
Imitations of Nature, of her Digeſtions, Fermenta- 
tions, Calcinations, Sc. And if Nature herſelf, 
ſince her Original, has been conſtantly preſerved with- 
out any Change, notwithſtanding all the Motions 
which have been produced in her own Boſom, and 
| are 
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are ſtill produced every Day, ought we to flatter 
ourſclves, that we can work Miracles in our Labo- 
ratories? Chemiſtry itſelf, tho* more ſkilful now 
than it ever was before, for this very Reaſon gives up 
more and more this Kind of chimerical Purſuits, 
do apply itſelf to Operations of more real Utility. 
It decompounds the Productions of Nature as far as 
it can, in order to know their Properties; it makes 
Extractions of them, which it converts to our Uſe ; 
and if it endeavours to imitate Nature, tis no longer 
by attempting to compoſe Subſtances, which ſhe 
cannot flatter herſelf ſo much as to know. 

From: what we have now ſaid concerning the Di- 
viſibility of Bodies, it reſults firſt, that there is no 
Limit to this mental Diviſion, which requires no- 
thing in Matter but a real Diſtinction of Parts. Se- 
condly, that a Phyſical Diviſibility, poſſible or not 
poſſible, ad infinitum, is nothing but a Syſtematical 
Affair, in which probable Arguments may be found, 
both for and againſt the Queſtion. Thirdly, that 
|| we cannot deny at leaſt a Multiplicity of Parts, 
/ which are actually ſeparable, and fo ſmall that their 


Number and Subtilty far ſurpaſſes our moſt refined 


Notions. £ 

Tux laſt of theſe three Propoſitions is the only 
one which is capable of this ſort of Proofs, to which 
we confine ourſelves in this Work. I therefore ap- 
peal to Experiment, and ſhall undertake to make 
known by Facts worthy of Curioſity, what we 
ought to think of the prodigious Diviſibility of 
Body. : 


EXPE 
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EXPERIMENT TI. 
PREPARATION. \ 


L r us place upon three ſmall Nails, or in any 
other Manner equivalent to this, a thin Piece of 
Money of Copper, Silver, or Gold ; and under it 
and upon it let us put ſome Flour of Brimſtone, 
and ſet it on Fire q as is repreſented by Fig. 1. 


4 a 


EFFECTS, 


By this Operation, which ſome bad People abuſe 
to make counterfeit Money, the Piece of Money will 
be parted into two, according to it's Plain. And 
very often one of the two Pieces, being more thin 
and brittle, leaves the other ſo well marked, as not 
to appear to be ſenſibly diminiſhed. | 


EXPLANATIONS, 


A Body is divided when the Connexion of it's 
Parts is diſſolved by a foreign Matter, and which is 
not ſuited to unite itſelf with them. Tis thus that 
the Blade of a Knife divides a Piece of Wood into 
two. The more ſubtile Part of the Sulphur, which 
expands itſelf in burning, and which inſinuates itſelf 
on all Sides between the Parts of the Metal dilated 
by the Fire, forms within the Piece, and according 
to it's Plain, a Layer of Matter foreign to the Metal, 
which cauſes a Diviſion, and which may be perceived 
when the Parts are ſeparated. 


Anois 
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_ ApPLI CATIONS, 


Tur 98 Cauſe, which diſunites the Suki 
which were joined together, hinders them from join- 
ing again, thoꝰ they might have all the Diſpoſitions 
neceſſary for it. Tis therefore for this Reaſon that 
we make Uſe of Oils and Greaſe, to keep diſtin 
ſuch Matters as we would hinder from uniting or 
mixing; ſomething moiſt to prevent the Adherence 
of things that are fat; abſorbing Powders, when 
there is a Fluidity on the Surface which would make 
them join. Thus, to make Uſe of ſome familiar 
Examples, we may obſerve, that they make Uſe of 
cold Butter in Slices for Paſtery-Work, which ought 
to Part into Leaves; that they moiſten with ſome li- 
quid Matter the infide of Molds, in which they are 

ro caſt melted Wax, or Sulphur, &c. and that they 
put upon dry Sand, ſuch Veſſels as are newly formed 
in the Manufactures of Porcelain or Dutch Ware. 
'Tis for this Reaſon alfo, that in the Arts they take 
great Care tocleanſe very well ſuch Surfaces, as ey 
would join together for a Continuance. 

Tur Uſe of Glues and, Solders is na Argyment 
againſt this Propoſition, tho a foreign Matter is 
then interpoſed between the Parts that are to be 


joined. 
As for Example: The chief Reaſon why a little 


Water dropped between two Pieces of Wax, com- 
monly prevents the Union of thoſe Parts, is that 
the Water not being adapted to penetrate into theſe 


unctuous nga and applying itſelf ta them but 
1 imperfectly. 
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imperfectly, it's Interpoſition cannot ſerve as a com- 
mon Copula or Cement. But it is not ſo with a Glue, 
which can penetrate, tho? ever ſo little, into the Pieces 
which are to be joined together. *Tis a fluid Body 
when applied, and which for this Reafon, can inſi- 
nuate itſelf on each Side, into the inſenſible Cavities 
of the two Surfaces. But it ſoon becomes ſolid, by 
being forſaken of it's Humidity, which penetrates 
farther. Then theſe little Bandages, being as many 
almoſt as there are Cavities between the ſolid Parts 
of the Surfaces, make a very ſtrong Adheſion.  *Tis 
on the ſame Principle, tho* with ſome little Diffe- 
rence, that Solders ſerve to join Metals together. A 
Mixture of Lead and Pewter together, - for Example, 
- when put into Fuſion by touching it with a red-hot 
Iron, penctrates into the. firſt Surfaces of the Metal 
dilated with the ſame Heat; then a ſudden cooling 
makes the Parts to approach one another. The 
Solder at the ſame Time loſes it's Fluidity, and 
adhering, on each Side, ſerves as a common Copula 
to both the * and ſo joins them. N 


EXPERIMENT II. 


/PEEPARATION. 


Is a drinking Glaſs are put ſome wal Leaves of 
Canes in another like Glaſs is put a little of the 
Filings of Iron or Steel. In each of them is poured 
half an Ounce of Aqua Fortis. See Fig. 2. 3. 


Errzers 
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Errzers 


In the rſt Veſſel there ariſes a little bubbling 
the Metal appears agitated ; it's Bulk apparently di- 
miniſbes ; the Liquor becomes hot; it aſſumes a 
green Colour ; laſtly the Leaves diſappear, and a 
Vapour is ſeen to ariſe above the Glaſs. In the 
other Veſſel may be obſerved the ſame Effects pretty 
nearly, but more quick, more violent, and the Co- 


| an 


EXPLANATIONS, 


Taz Parts of the Aqua Fortis, which may be 
conſidered as ſo many little Razors, or ſmall but very 
ſharp Needles, are hurried among the Parts of the 
Copper or Iron, by a Force, the Knowledge of which 
is - yet ſettled by Philoſophers, and concerning 
which Experience has not yet pronounced in a deci- 
five manner. Every little Maſs being penetrated on 
all Sides, diſappears by little and little by the Diviſion 
of it's Parts, which float independently of each other, 
in the Liquor, which has difunited them, and which 
by their Mixture appears under a Colour, which it had 
not before the Operation. The Heat, which ariſes 
during the Diſſolution, is a natural Conſequence of the 
Motion of the Parts, and of the Action of one Matter 
upon the other, As alſo the Vapour, which ſenſibly 
ariſes, ö | 


Tux 
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Taz ſame thing is produced in the other Glaſs, 
but more ſuddenly, and with more Violence. The 
chief Reaſon of this Difference is, that the Aqua 
Fortis made Uſe of in theſe two Operations, for di- 
viding the Maſſes, has more room to exerciſe it's 
Action on the Iron reduced to Filings, than on the 
Copper which is in Plates. It acts ſo much the more 
as it is applied to more Surface in the ſame time. 
But the Quantities of the Matters being equal, this 
preſents more of Surface becauſe more divided. Let 
us ſuppoſe, for Example, one Ounce of Iron to be 
collected into a little ſpherical Maſs. If this little 
Globe is cut according to it's Diameter, it's Surface 
will be augmented. For it will ſtill have that of it's 
two Hemiſpheres, and it will moreover have that 
which is produced by it's Section. And if the Num- 
ber of Sections is multiplied, *tis eaſy to perceive, 
that the Quantity of 5 „ 
increaſed. 

ANOTHER Reaſon, which may be added, 1 this, 
that the Copper in an equal Volume is heavier than 
the Iron, Therefore there is more void in the latter 
of theſe two Metals, and conſequently a freer Ac- 
ceſs for the Aqua Fortis, if otherwiſe all things ate 

As to the Colours that the Liquor aſſumes by theſe 
Diſſolutions, this is not the Place to ſpeak of them, 
We ſhall explain OREN we come 
to treat of Light. 


APPLICATIONS. 


4 deen bre Pity. 
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e Water, in Reſpełt of 150 Number 
of Bodies, does the ſame Thing as Aqua Fortis upon 
Metals. It diſſolves Earths, Salts, the Juices of 
Plants, &c. It is impregnated with their divided 
Parts, and keeps them ſeparate, as long as there is a 
ſufficient Quantity to hinder them from joining again. 
When Rivers appear turbid aſter Rains, or after the 
melting of Snow, tis becauſe they then receive into 

their Channels Waters that are loaded with Earth and 

Sand. Mineral Springs then aſſume their different 
Qualities from the Matters they contain, in Particles 
ſo ſubtile that their Tranſparency is not loſt. And 
the Sea is ſalt, according to the moſt received and 
probable Opinion; becauſe it diſſolves the Rocks of 
Salt, which are at it's Bottom, and are ſuch as are 
found in other Parts of the Earth. 

Tu Is fort of Diſſolutions does ä 
Bodies; it does nothing elſe but divide their Maſſes, 
and males their little Particles thus diſunited, to be 
independent of one another. Even Art furniſhes. us 
wich very eaſy Methods to reduce them to their firſt 
Stage. It is enough for the moſt Part to evaporate 
the Liquor which keeps them in Diſſolution; and 
this is the ſimpleſt Way, when their Parts are leſs 
volatile than thoſe of the Diſſolvent. This Practice 
is in Uſe, to ſeparate the Salt from the Water at the 
Brine-Pits ; to extract the Salt- Petre from the Lee- 

Aſhes which contain it; to refine Sugars; to increaſe 


ES 
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the Strength of Soups and Gellies ; and, in general, to 
thicken all ſuch Matters, in which the liquid Part is 

too abundant. 

r may collect again chat which has been al- 
ved, by Precipitation. This always happens, as often 
as we preſent, to the Diſſolvent, a Matter more pe- 
netrable in reſpect of itſelf, than that, with which it 
is impregnated. For, then entering into the new 
Maſs, it depoſits the other Parts, which their own 
Gravity precipitates to the Bottom of the Veſſel. As 
for Example : When we pour Spirit of Wine upon 
Water, which is ſatiated with Sugar; one of theſe 
two Fluids penetrates the other, and forfakes the Parts 
of the Sugar, with which it had before been impreg- 
nated. 

Wu we thus precipitate Metals, it may bedone 4 
after an elegant Manner, and which is nor very apt 
to impoſe upon thoſe who are not verſed in Trials of 
this Kind. For Example: Dip a Plate of Iron in a 


Solution of Copper, or of blue Vitriol with Aqua 


Fortis, the Diſſolvent will act preferably upon the 
Iron, and depoſit the Parts of Copper, in the Place 
of thoſe which it will ſeparate from the Maſs of Iron 
ſo that at the End of the Operation, we may be able 
to draw out of the Veſſel a Plate of true Copper. 
Nevertheleſs it would be an Abuſe of this Experi- 
ment, to propoſe it as a Proceſs for converting Iron 
into Copper: becauſe we ſhall never extract any 
r 
arſt Solation. 


* 


vol. L B Ixrv - 


- penetrates them, is impregnated with thoſe that ſub- 


Water. 


of Liflures in Experiments! Philoſophy, 
Inzvus10Nns properly ſpeaking are nothing elſe but 


Diſſolutions 3: but commonly more flow : With this 
Difference however, that inſtead of making the whole 


Mf to diſappear, they take from it only a certain 
Port | 


Tart bodies which we infuſe are generally compo- 
ſed of Parts of different Natures. The Liquid that 


mit to it's Action: and the other which refuſe, con- 
tinue united under a Volume, which differs little ſrom 
that they had at firſt, Indian and Braſil Woods, c. 
foaked in common Water, yield a certain Juice, which 
Nature has placed between the Fibres of thoſe Sorts 
of Wood: Yet in this Extract, which makes a Tinc- 
ture, we can perceive no ſenſible Diminution, as to 
Bulk, in the Pieces of Wood, from 1 
ture is drawn. 
- Inpvs1ons, that are made wich hot Water are 
both much quicker, and alſo much better impregna- 
ted. The Heat increaſes the Fluidity of the Water, 
and makes it more penetrating. It alſo dilates the 
Solids, which are immerged in it, and makes them 
more penetrable. Theſe two Reaſons concur to pro- 
duce the ſame Effect. The acrid and other 
diſagreeable Parts, which by ve take from 
the Roots and Fruits, that are boiled for our Nou- 
riſhment, ed ane be erated from;them'by cold 


Trover Didolytions and. lee which do 


| nothing elle but divide or extract, make no Change 
in the Nature of the Parts which they ſeparate and 
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take away; yet they make them fit for the Effects 
they are to produce, and which we ſhould expect in 
vain without one or other of theſe Preparations. 
What Aſſiſtance would the greateſt Part of the Mi- 
nerals or Vegetables, which are made Uſe of in Me- 
dicine, afford us, if a much more minute Diviſion 
than could be obtained by cutting them, did not 
procure to theſe Bodies a ſufficient Quantity of Sur- 
face, as alſo convenient Figures and Magnitudes, 
for the internal Parts of the animated Body, npon 
which they are to operate? That agreeable Variety 
of Colour that we admire in Stuffs, and in all ſuch 
Subſtances as are capable of Tincture, does it no: 
for the moſt Part proceed from Infuſions? Juices 
which are indurated in thoſe very Plants in which 
Nature has prepared them, and which would femain 
there quite loſt to us, are ſoftened and expanded in 
the Water which penetrates them. With it they 
inſinuate themſelves, and are ſpread upon a Surface 
prepared for them. In all which Cafes the Water 
evaporates ; but the Tincture remains. 


EXPERIMENT IL 
PREPARAT TO. 


| av fourth Figure repreſents a little Petfactitg- 
Pat of Glafs, partly full of a fragrant Liquor, 45 
Otange Flower Water, or Spirit of Wine in which 
Laender has been ſteept 3 and placed apod little 


Nam Lamp. 
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EFFECTS. 


Wuzn the Liquor begins to boil, there comes 

out of the Spout of the Perfuming-Pan a very co- . 

pious Vapour, which ſpreads itſelf ſo powerfully over 

all the Room, that it may be perceived from one End 

of it to the other ; yer without ſhewing any ſenſible 

Diminution in the Quantity of the Liquor, when the 

Experiment is at an End, . 
or three Minutes. 


EXPLANATIONS. 


Tun e which cenveys it's ** through all 
the Room, is nothing elſe but the more volatile 
Part of the Liquor, which the Fire has ſeparated 
from the Maſs, and has exceedingly divided. Theſe 
little Bodies, notwithſtanding that ſmall Diminution 
in the Quantity of the Liquor, are of a Number 
ſufficient to expand themſelves equally and to be 
perceived through a very large Room. 
I, we deſire to know nearly, the prodigious 
Number of theſe odoriferous Particles, and to repre- 
ſent, in a more exact Manner, the ſurprizing Divi- 
; fion that a ſmall Quantity of the evaporated Liquor 
muſt undergo ;z it will be ſufficient to compare it to 

the Volume of Air contained in a Chamber, which 
may be about 12 Feet ſquare, and of the Height of 
16 Feet. Suppoſe then that this ſmall Quantity of 
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Lines“, before the Experiment is made, and that, 
after the Evaporation, there ſhould only remain four 
Particles in every cubic Line of Air; (a Suppoſition, 
which may be allowed, ſhould we take things at the 
leaſt Advantage,) How many Millions of Parts ſhall 
we preſently find out by this Compariſon, and by 
this Calculation, which may be eaſily made? But theſe 
Millions of Parts, how much will they be ſtill in- 
creaſed if we obſerve, that That which here makes the 
Scent to be ſenſibly expanded, is but the leaſt Part of 
what is evaporated? For, in the Liquor, as well as 
in the fragrant Vapour, we ought to diſtinguiſh the 
Parts which are proper to the Fluid, and thoſe which 
wholly belong to the Perfume. | * 


APPLICATIONS. 


Ir we conſider Odours in Regard to our Senſes, 
they are Impreſſions made upon the Organ by the 
Corpuſcles, which exhale from the odoriferous Bodies. 
That which is only ſhewn in the Little by the laſt Ex- 
periment, we find every Day in the Great by divers 
2 There is expanded upon our Globe a 

in Degree of Heat, which is various according 
to o Then and Place. This Fire lighted up by Na- 
ture, and which puts every Thing in Motion, joined 
to other Cauſes of which we ſhall ſpeak elſewhere, 
carries off continually the more ſubtile Parts of all 
the Bodies that cover the Surface of the Earth. Thoſe 
that are proper to make themſelves be perceived by 


* A Line is the twelfth Part of an Inch. 
B 3 the 
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the Senſe of Smelling, being expanded and floating, 
as well as the reſt in that Part of the Atmoſphere 
that is impregnated with them, become fo much the 
moro ſenſible as they are found more copious in a 
Volume of Air of a determinate Magnitude. Thi, 
no doubt, is the Reaſon, why we ſmell more 
agrecably the Flowers of a Garden towards the Even- 
ing, when the Air is cooler, than in the ſultry Heat 
of the Day. This Coolnefs, which condenſes the 
Air at the Approach of Night, by bringing it's Parts 
nearer-together, contracts alſo the Exhalations with 
which it is loaded, and when we breathe it in this 
State, it brings with it to the Organ of Smelling, 
2 greater Number of the odoriferous Particles we 
are ſpeaking of. 

Ix Heat always keeps up a greater or leſs Quantity 
of Motion in all Bodies and if by that, as we can- 
not doubt, it occaſions a continual Loſs of their Sub- 
ſtance; Can we wonder that every Thing ſhould de- 
cay in Time, and that certain Bodies ſhould leſſen 
and vaniſh away on a ſudden ? *Tis by this Means that 
Ponds and Marſhes are dried up, when Rains and 
Springs do not ſupply their continual Evaporation. 

Bor tp confine ourſelyes to Examples taken from 

odoriferous Bodies: Do we not obſerve it in a very 
- ſenſible Manner, in Plants and in Flowers? Why 
do they grow weak and flaccid under a great Degree 
of Heat, ſo as to hang their Heads by their own 
Weight? Why do they Jook freſh again in the 
Morning, and appear with their former Vigour ? Is 
it not becauſe that which exhales in the Day-time 
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exceeds that which aſcends from the Earth, in 
order to repair them? But it is not ſo in the 
Nighttime, when the Vuacuitits are ſupplied and 
filled op, 

Troven Plants by their Exhalariors, loſe fo 
great a Quantity of their Subſtance; yet we cannot 
affirm, that the Part affigned for propagating theit 
Smell, ſuffers much by this ſenſible Decay. It ap- 
pears by all other Bodies of this Kind, that Nature 
has has fubjeRted them to ſo prodigious a Diviſibiliry, 
that they can furniſh out ſufficient for this Purpoſe, 
during a long Courſe of Time. Every Body knows 


that a Grain of Muſk will make itſelf ſmell, in a 


Manner not very agreeable, for a Space of twenty 
Years, in an Appartment where freſh Air is ad- 
mitted every Day. It is well known alfo, that 
Hounds will give Chace to a Stag, ſometimes fot 
fix Hours, and that very often without having any- 
other Guide, than the Scent that he leaves behind 
him. How many Corpuſcles then muſt iſſue from 
this Animal, to trace out it's Courſe, for ſo long a 
Time, to perhaps forty other Animals, who fre- 


quently loſe Sight of him? 


Tur greateſt Part of Brutes, and eſpecially Dogs; 


have their Smell exceediig delicate. The Diſpoſi- 


tion of this Organ, the chief Part of which is with- 


| out, and the frequent Uſe they make of it, covitri- 


bute much without doubt to this great Nicenels, 
which Mankind are not endued with, But Nature has 


made us amends by the Touch, which Senſs we 


enjoy in much greater Perfection, This of all our 


of "> Senſes 


\ 


| handle their Food. 
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Senſes is that, which we make moſt Uſe of, except 
our Sight, in our Examination of the ſeveral Objects 
that preſent themſclves to us. But Animals, which 
touch but very rarely by way of Examination, try 


" with their Noſe whatever their Eyes preſent to them 


as engaging. For, as they are almoſt wholly employed 
in the Care of procuring their Suſtenance, and as 
there is much Affinity between the Smell and the 
Taſte, it was EIT Be ny evan 


EXPERIMENT IV. 
Sher wa PrxEPARATION. | 
Ax che Bottom of a great Veſſel of Chryſtal-Glaſs, 
diluted the Quantity of a Grain of Carmine, and the 
Veſſel is filled with clear Water, which holds about 


SEES Epi ered by Ze. 5. 


Errors 
—  armdet in ſuch a 


5 Manner, as that the whole Quantity of Water ©: 


RAY TY e 3c 
255 Bipa ons 
bed or a Sort of very fine Lee, 
n ic extraſted by Infuſion from Cochineal, and 
ſome Vegetable Subſtances. The Parts, which have 
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made of them, yield very eaſily to the Action of the 
Water, which penetrates and expands them. Inſo- 
much that they diſtribute A 
to the whole Maſs of the Fluid. 

To conceive eafily how much the Matter is divided 
in this laſt Experiment, it is enough to know” the 
Ratio of the Weight of one Grain to that of ten 
Pounds, which is as Unity to 92160. But a Quan- 
tity of Water weighing a Grain, makes a very ſen- 
ſible Bulk, which muſt concain many Particles of the 
Carmine, in order to be of an uniform Colour. If 
we ſhould ſuppoſe it to have but 10, the Product 
above muſt be further multiplyed by 10, which wilt 
make 921600 ſenſible Parts in one Particle, which 
was very inconſiderable before mann 
the Water. 


APPLICATIONS. 


'T 1s by the Particles of Matter thus divided and 
expanded in certain Liquids, that Painters and Dyers 
ſtain the Surfaces of Bodies, with. certain Colours 
which they can't procure naturally. Thoſe which are 
painted, are always hid under the Covering laid over 
them, and are not viſible of themſelves, but by the 
Layers with which the Pencil has cloathed: them, 
But it is not ſo with ſuch as are dyed. or tinged. 
They are commonly prepared in a Bath, which by 
the Heat and by the Action of certain Salts, dilates 
the Pores, and digs an infinite Number of little 
W 
Tu 


— 


— 


dy the Parts, of the Surfaces themſelves ; as when 


| Flalves of every one. Admirring then this Suppofi- 


* 
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"T's chiefly this Preparation, which makes the Dyes 
durable, and hinders the Things, which are dyed, 
Yet it is not always the colouring Particles that tinge 
the Surfaces 3 fot we ſhall ſnew, when we come to 
treat of Light, that the Change of Colour, often 
depends upon à new Arrangement, which is aſſumed 


(for Example) Ae Fortis changes blue Paper into 
ned or that hot Water makes a Lobſter of a red 
- Baarpxs the Experiments we have now produced, 
© prove the great Diviſibility of Bodies; the Arts 
afford us ingenious Proceſſes, which demonſtrate it 
in a very evident Manner. We cannot obſerve the 
immenſe Ductility of Gold and Silver, without much 


Surprize. The Artificers who by beating and drawing 


theſe Metals, give them ſuch a Degree of Extenſion, 


have long attracted the Obſervation of Philoſophers. 
Mr Boyle® is one of the firſt who has made this Re- 
ark, that the Quantity of a Grain of Gold beaten 
inte Leaves, can cbver a Surface of 30 Inches ſquare. 
This Obſervation gives us an Opportunity to learn, 
by @ very ſimple Calculation, what an amazing 


Number of viſible Parts, are in this ſmall Quantity 


of Meta The Length of an Inch contains at leaft 
200 viſidle Parts; for on Mathematical Inſtruments ; 


ve oſten ind it divided into roo Parts, and an atten- 


tive Spectator may eafily take account of the two 


nne eee Cop, 3. 
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tion, which is a very reaſonable one a Leaf of Gald 
of an Inch ſquare may be divided into 200 narrow 
Columns, and every Column into 200 ſmall Squares, 
So that the whole Leaf thus divided will give 40000 
Parts, which is the Product of 200 by 200. 
Bor in a Grain of beaten Gold we find 50 little 
Leaves equal to that we have now divided. There- 
fore multiplying 40000 by 50, the Product two 
Millions, will be the Number of Parts, vhich we may 
count with our Eyes, in a Portion of Matter, whoſe 
Weight is but the 724 Part of a Drachm. This 
Number, prodigious as it is, may ſtill be increaſed 
to as much more, when we conſider, that every one 
of theſe Particles of Gold may be ſeen and touched, 
at leaſt as to it's two Surfaces, or by two appoſite 
Planes, of which the Dimenſians are equal. | 

WHAT we are taught by Leaves of Gold and Sil- 
ver, concerning the Ductility of theſe two Metals, 
and the ſurpriſing Diviſibilicy of their Parts, is yet 
far inferior to what we may obſerve from thoſe Work · 
men, who prepare the Silver Thread gilt with Gold, 
which is made Uſe of in the making of Garniture, 
Lace, Embroidery, c. This Art, which ordinary 
Men make only a. Subject af Trade, or ſeek only 
Supplies of Luxury from it, preſents to the Eyes of a 
Philoſopher a Scene of Prodigies, which have not 
eſcaped the Curiolity of Mr Boe, Father Marſeunus, 
Robault, and many other Naturaliſts, at a Time 
when it had not arrived at that State of Perfection, 
which it has ſince attained. M. de Reaumur „ who 


„Manoir: of the Amdeny of Sciences, for 1713: p. 205. Ce. 
| as | has 
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has examined it with that Nicety, for which he is re- 
charkable, gives us the beſt account of it's Beauties, 
and has diſcovered what is truly wonderful in it. 
And therefore I ſhall borrow from him, the following 
Obſervation on the wonderful Extenſion, of which 
Gold is ſuſceptible, when reduced to Threads. 
"Writ r a Quantity of Leaf-Gold, which never ex- 
eds the Weight of ſix Ounces, and which ſometimes 
is ditniniſhed almoſt to one, they cover a Cylinder of 
- Silver, of about 22 Inches long, 15 Lines in Dia- 
meter, and of the Weight of 45 French Marcs *. 
They males this gilt Roller, to paſs ſucceſſively thro? 
Holes in'a Plate of Steel, which proceed continually 
decreafing ; ſo that as it grows lon by the Loſs of 
is Diameter, it at laft becomes as as a Hair, 
and of a Length which is nearly exjual to g7 Leagues, 
each of 2000 Fathoins.” 
Doki this Operation, the Gold ſpreads itſelf 
upon the Silver- Thread, in Proportion as it lengthens : 
So that we may confider it as a Covering, or a Scab- 
bard,” the Parts of which ſuffer no ſenſible Interrup- 
tion. This gilt Thread, which they call Wire, 
paſſes afterwards between two Rollers of poliſhed 
Steel, which ſqueeze it into the Form of a thin Plate, 
vi Ghich they cover 2 Thread of Silk, for the Uſe 
of ſeveral other Manufacturea. In the Operation of 
che Rollers, the Wire is farther lengthened by a ſe- 
venith Part; ſo that inſtead of 97 Leagues, which we 
have before reckoned for it's Length, we ſhould now 
gov ak 8 
2 ͤ—— teeny a 
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Surrostno then the Thread to be ſuch as. is 
gilded in the lighteſt Manner z here is an Ounce of 
Gold, which ought to be conſidered under the Form 
of two ſmall Plates, the Length of each of which 
is 111 Leagues, or which together are equal to 222 
Leagues. But if we farther conſider, that the Wire, 
in flattening under the Rollers, takes the Breadth of 
about an eight Part of a Line, and conſequently the 
two little Plates of Gold, that cover the Silver on each 
Side; we may ſtill divide their Breadth into two 
Parts; (for a Line is very eaſily diviſible into 16 
ſenſible Portions) thus inſtead of two Plates we may 
count four, which will be equal in Length to 444 
Leagues. In ſuch an Extent as this, how many Fa; 
thoms, Feet, Inches, Lines muſt there be! And if 
we only divide each Line into 10 Parts, whata Serics 
of Cyphers muſt we make Uſe of, to expreſs the 
Number of viſible Parts in one Ounce of Gold, thus 
extended by Wire-drawing? The Imagination is too 
weak for ſuch Numbers ; but to give ſome Idea of 
them, it will be ſufficient to compare the Surface of | 
our Ounce of Gold reduced to Thread, to that of an 
equal Quantity of the ſame Metal in Leaves. The 
_ firſt is to the ſecond in the Proportion of 2380 to 146. 
But alſo the Thickneſs of the Leaves, little as it is, is 
always much more conſiderable, than chat of the 
Layer of Gold, which is upon the Thread. The one 
is hardly leſſened to the thirty thouſandth Part of. a 
Line z but the other is often carried to a Degtee of 
Thinneſa, which exceeds; the five · hundred - twenty - 
five-thouſandrh Part of . Line. | 
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Is thus Wire-drawing Metals, Art imirates Na- 
evenly nai a to the Proceſs of it. Before Silk 
is made into Thread for our Uſe, it has already been 
made into Thread by the Inſets which fupply us 
with it. The Caterpillar, which we commonly call 
a Silk -Worm, has a natural Wire-drawing Inftru- 
ment, through which it moulds this valuable Thread, 
of which it makes it's Cod or Shell. Some Perſons 
that were curious, and inquifitive into the Miracles 
of Nature, have examined the extream Fineneſs of 
this Subſtance, and have meaſured 300 Ells of it, 
which did not exceed the Weight of 2 1 Grains. And 
Mer dr Reanmer, carrying his Obſervations ſtill farther, 
obſerves that the Threads of Spiders, ſuch as they are 
when immediately produced, and before they are join- 
ed together to form their Webs; that theſe Threads 
(I fay) in Refpett of a Hair, are not fo big as a gilt 
Wire is, in Reſpect of the firft Cylinder, from which 
it was drawn: and that their Diameter hardly equals 
e Thicknes of char thin Plate of Gold, that covers 
the Silver Thread. 

Tur Experiments and Obſervations now produced 
ſufficiently evince, that all Bodies which fall under 
| the Cognizance of our Senſes, are nothing elſe but 
Collections, formed by the Concurrence of many 
lefler Maſſes, every one of which may ſtill be divided 
eee WEL apt PD{- 
villoa and Subdiviſion, 

Vun in dividing u Subſtance as far as we are 
| able, we find noching but what is uniform in all the 


* Boyle, de mirk ſubtilicate I ©. 2. — 
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Particles that compoſe it ; we give it the Name of a 
Simple Body. We ſuppoſe that it's Parts ate all of 
the fame Nature, and call them 4omogewous, yet 
without being aſſured that they really are fo z but till 
ſome new Diſcovery hercafter, ſhall make us judge 

On the contrary we call thoſe mixt Bodies, the 
Parts of which when ſeparated do not reſemble one 
another ; as Plants, Animals, and many Minerals, 
in which their Analyſis diſcovers, that many Matters 
which are eſſentially different, and which we call 
beterogeneous, concur to the Compalition of one and 


the ſame whole. 
which conſtievte a_con- 


Tux inſenſible Particles, 
tinued Maſs, are often joined together in ſuch a man- 
ner, that it requires a conſiderable Force to ſeparate 
them. This Portion of Matter is called a hard or 
ſolid Body. This Hardneſs, which properly ſpeaking 
is only a greater or leſſer Tenacity of the Parts, and 
which is never abſolutely perfect in any of the Bodies 
that we know, becauſe it always yields to a Force 
that is finite: This Hardneſs (I fay) decreaſes even 
down to Flujdityz that is to fay, till the natural Co- 
heſion of the Parts is hardly ſufficient to hinder them 
from complying freely wia chair own Gravity, when 
it urges them to moye one upon another, and to 
change the Figure of the whole. Laſtly Fluidity, 
which begins when the Bodies ceaſe to be conſidered 
as Solid, increaſes even to Liquidity; which alſo has 
it's Degrees, We call thoſe liquid Bodies, or Liguors, 
which are in ſuch a State, that their Parts having a 
fice Motion one upon another, comply with the 
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or yield to the leaſt Force that endeavours to ſeparate 
haveno other Figures but what we make them afſume 
by the Veſſels that contain them; and to range their 
higheſt Surface, in a Plain parallel to the Horizon. 
Running Water, for Example, is a Liquor. Smoke 
that riſes in the Air, and which continually changes 
it's Form, is a Fluid. And a Stone which is,cut 
with the Strokes of a Hammer, is a ſolid Body. 
Wi now content ourſelves with defining theſe dif- 
ferent States of natural Bodies; becauſe we ſhall have 
Opportunity elſewhere, to ſpeak of them more at 
large, when we come toenquire into their Cauſes. 
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SECT 10,N = 


1 


o/ the FIG URE of BODIES. 


L. L Bodies have a determinate Mignitude; 
not only thoſe whoſe Dimenſions are the Ob- 
jets of our Senſes, but alſo the Parts of theſe ſame 
Bodies, to whatever Degree of Subtilty they may be 


carried by Diviſion, and under whatever Order they 


are conſidered. Littleneſs is no abſolute Quality z 
nothing is little but by a Compariſon with ſomething 
that is greater; and tho? we ſhould conceive the leaſt 
of all material Beings, yet it would till be greater 
than either of it's two Halves. 


F 8: 


Tur Magnitude, or (which is the ſame king) the 


greater or leſſer Extenſion of a Body, is always limit- 
ed by the Surfaces which comprehend the Quantity 


of Matter proper to it. This Quantity of Matter is 
called it's Maſs. And the uninterrupted Surface, be 


it more or leſs, which limits = er as 


is called it's Volume. 
Taz Order of Wet which the Surfaces 
obtain among one another, which terminate the Vo- 


lime of the Body, is hat is called it's Figure, Ad 
Vor. 1 C theſe 
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theſe Surfaces can never coincide, and are always 
diſtinguiſhed by their relative Situation, it is plain, 
that to be figured, is a Property as common to. all 
Bodies, an it is to be r e 
ſeveral Parts that are really diſtinct. — 
Bor theſe Surfaces — — 
either as to their Magnitude, or their Number, or 
their relative Arrangement. Wherefore all Material 
Subſtances, to which it eſſentially belongs to have 
ſome Figure in general, muſt receive this or that in 
particular. And they are as variable, and perhaps 
as much varied one among another, as it is poſlible 
to combine together, 1 Num- 
ber, and Order of Surfaces. vs 
Tunis Property. . Figurability, 
is exrended to all Bodies in ſo general a Manner, 
that ĩt accompanies them in all their States or Con- 
ditions ; Ic belongs to thoſe which are in Motion, as 
well. as to ſuch as are at Reſt. It does not be- 
long to Solids only, but Fluids and Liquors have alſo 
their Figure, which depends upon the Obſtacles 
that confine. them. The Sea, Ponds, Rivers are 
| figured by their Coaſts, Banka, and Shores, Wine 
| r contains it; 
. va 
Wuazx at the rt Glance of che Eye, two Bodies 
| appear to be terminated alike, we ſay they reſemble 
= each other in Figure. Thus the Dice of a pair of 
Tables we call Cubes, becauſe at firſt View, each of 
| min „ nee 
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Soldiers are alike, if they are cloathed with the fame 
Uniform. But this firſt Reſemblance has very nats 
row Limics, It only extends to certain general 
Characters, which will hardly ſtand the firſt View, 
A more critical Examination ſoon diſcovers an in- 
finite Number of Differences, even in Individuals ot 
the laſt Species. 80 that we may ſuy with good = 
Reaſon, that in all Nature, it is probable there art 
not two Beings that ate perfectly alike; eſpecially ir 
to the Variety of Figure, we join thoſe of Colour 
and Volume. When we caſt our Eyes upon a Flock of 
Sheep, they all ſeem to reſetnble one another; be- 
cauſe we ſtop at the firſt * Appearances; but the 
Shepherd eaſily diſtinguiſhes them from one another, 
becauſe Cuſtom has made him perceive Varicries. In 
an Aﬀembly of People we do not find two Faces 
alike, and among ten thouſand,” we can diſtinguiſh 
the Cauntenance of a Perſon we ſeek for, by a Ha- 
bit we have n 8 
not to confound them 

Tunis prodigious Variety of Figures, n 
without End, to thoſe who gbſerve with Attention, 
does it belong to none but the greater Bodies, that 
is, to thoſe we can ſee and touch without being aſſiſted 
by Art? Or rather does it not belong equally to the 
Particles of theſe Bodies alſo? Does it not extend to 
ſuch as eſcape our Sight, and which we know by 

other Senſes ; which are not perceived but when many 

: of them are together, and which Prejudice ſeems to 
infinuace to us, thar they have no Figure at al, be- 
de 4 cauſe 


©. 
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conſe commenly, we. are n true Fi- 
gure? 

Tuts Queſtion ea ee aready by the very 
Definition we have given of Figure in general. 
For if it be nothing elſe but an Aſſemblage of Sur- 
faces, which terminate a certain Portion of Matter; 
it is plain that a Body, how little ſoever it may be, 
will always be terminated by Surfaces, and conſe · 
quently will be endued with a Figure. 
Tuouon Experiment cannot confirm this Rea- 
ſoning in it's full Extent, and ſhew us Figure every 
where, we have Reaſon to think it is; yet it will 
ſhew us ſome that have been long unknown, and 
which Art has found means to diſcover ſince. And 
we ſhall be taught by curious Examples, not to ima- 
gine there can be any Bodies deprived of Figure; be- 
cauſe they are not ſubjeR to our Senſes. 
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Heine placed the Microſcope, mates by 
Fig. 6. at the Light of a Window, or, if it is Night, 
before the Light of a Candle; ſo that the Mirrour 
below the Plate by it's Reflexion may illuminate the 


Hole, upon which the Objet-Glaſs falls; we muſt 


make the firſt Glaſs that carries the Objects to paſs 
along, upon which are put ſome Grains of Sand, and 
985 then 
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then make the Body of the Microſcope to deſcend, an 
rer eee FO 
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 Havixe placed the Eye above and very near to 
the firſt Eye-Glaſs, we may perceive the Graips of 
Sand ro be tranſparent as Chryſtals, of the bigneſs of 
a Nutmeg, agate, e cut. By. 7. * 


6 831 
\ExPLANATIONS, |, zA 


. ſhall explain nothing here of thoſe Effects, 
which directly concern Opticks becauſe we ſhall 
treat of that elſewhere. We ſhall confine ourſelves 
to thoſe only, which have. Relation to the Figure 
of the Bodies, of which alone the Queſtion is at 
preſent, | 

Wurn we fix our Eye upon a Grain of common 
Sand, it appears as a Point; becauſe we ſee it's Di- 
menſions confuſedly. But with the help of a Micro- 
ſcope the Object appears greater. Then we plainly di- 
ſtinguiſn Lines, Angles, Cavities, Arches, Surfacesz 
in a Word, a Figure well terminated, of which we 
ealily perceive the Differences when we compare it to 
any © other, | | 
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Nature, and which Art applies with good Advantage 
to different ſry. | Becauſe they ate ſmall and angu · 
lar, they are commodiouſly applied to the rubbing or 
cleaning Metals, or any other ſtill harder Bodies, 
upon which the File or a Steel Edge can take no 
hald. They are made wet on ſuch Occaſions to en- 
| eraſe their Motion, W 1 5 
tiowlly rubbiog one another, from loſing 
I ene 
of cutting or wearing away the moſt ſolid Sub- 
ſtances. 

Taz Trinſpaktiicy\cfwhics Sab makes it fie for 
other _ Uſes.  *Tis the Balg of all Kinds of Glaſs- 
york. The Mixture of ſome Salts, and the Action 
of a very violent Fire whic divides it. and Which 
purges.it from it's Droſz, pu ts it's Parts i in 2 
of joining, together, and 2 forming a Paſte, whi 
is ſuſceptible of all forts of Forms. When "ir col 
ir aſſumes a Conbftence, er without ceaſing We 
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Lr the ſecond Glaſs of the Object · Bearer be 
made to paſs under the Eye-Glaſs, on which are put 
ee 1 0% reopened waters e e 
: 9 Hgvo bai? fo thts nt 
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EFFECTS, 


In applying the Eye to the Microſcope, we may 
perceive little Lumps which appear under like Fi- 
gures, as when the Preparation has been made with 
the ſame Salt. For Example; if we uſe Sea- Salt, 
or that which is commonly ſerved up at Tables, the 
Object through the * will reſemble * 
9 ** 8. 
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n Parts of this Salt, which have been divided 
by the Water, and which it held in Solution, have 
Gxed themſelves upon the Glaſs of the Object · bearer, 
while the Tiquid Part evaporated. Before this Eva- 
poration of the Water, the Aſſiſtance of the Micro- 
ſcope, was of no Uſe to make them viſiblez becauſe 
then they were too much divided, and too minute to 
be perceived. But as the Liquor forſakes them, they 
come nearer to one anBither, and form Lumps of a 
greater Volume. [Ari even tho? they were to remain 
as" ſmall-as they were in the Water, we ſhall ſhew 
elſewhere, that in equal Magnitudes, tranſparent Bo- 
dies may be better ſeen when ſurrounded by Air, 
than by any other Liquid, that has more Matter. 

- Evexy Salt, when cryſtallized, generally affect 
2 Figure, which is proper to itſelf, and which pro- 


vt the Figure belonging to it's ſmal- 
a a leſt 
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leſt Parts. Sea Salt, for Example, forms Cubes; 
Salt- Petre, Needles; Sugar, Globules, Sc. Fig. 9, 10. 


124. 2 0111 APPLICATION. 


Tux Uniformity of Figure in the little Lumps, 

in not a Quality peculiar to Salts, We meet with 

many other Examples of it, eſpecially in the Mineral- 
Kind. Rock · Cryſtal, and the greateſt Part of 
tranſparent Stones, often appear in little what they 
do in great, under the Form of a Priſm, or of an 
Hexagonal Pyramid. But we muſt not conclude from 
a particular Caſe to a general, that the inſenſible Parts 
of all Bodies are ſo many little aeg A. 
which are in a greater Volume. 

Braus of the extream Diviſiblity of Salt, and 
the angular and pointed Figure of it's Parts, it eaſily 
inſinuates itſclf into the Pores of all Animal, Vege- 
table, Solid, or Liquid Bodies; and for this Reaſon 
it is uſed with Succeſs in order to preſerve them. 
For, Corruption being nothing elſe but a D. location 
of the Parts, which changes the Condition of the little 
Lumps in mixt Bodies ; Whatever can keep theſe 
Parts in the Order they have received from Nature, 
will of . neceſſity prevent, that the little Compounds, 
| which reſult from their Aſſemblage, ſhould be altered. 

And, on the contrary, whatever ſhall promate the in- 

ternal Motion of thoſe leaſt Parts, will be the Occa- 
fion of Corruption. Bur. the. faline Particles, as ſo 
N. fill * the little Vacancies, 

x e 
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ſtrengthen and ſupport the Solid Particles, ſtop the 
Progreſs of Evaporation, and preſerve at leaſt for 
ſome. time the natural State. By this Means it is, 
that the Fleſh of Animals, when ſalted, remains for 
a long time fit for Uſe; and that Fruits, - preſerved 
ab will keep for many Years. | |. 
 Txr1s prodigious Variety of Figures, which may 
be ee in ol nene Budies and in the little 
Maſſes that compoſe them, is not leſs numerous nor 
leſs wonderful in Animals themſelves. The ſame 
Points of ſaline Particles, diſcovers alſo to us a new 
World of little living Creatures; of little Inſects, 
which we ſhould hardly ever have ſuſpected to exiſt; 
of which certainly we ſhould never have gueſſed at the 
Forms; and which yet we ſhould be curious to know. 
Wherefore I ſhall add the following Experiment, to 
ſhew compleatly, how much 5 the 
* e e 
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how the third Glaſs of the Object — 
to 52 under the Object- Glaſs of the Microſcope, 
upon which with the Point of a Tooth - Picker is put 
. | 


* 1 
here give the Preparation. 1 A1 
| W 7 . 
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4 Teflurer in Experrnental Phiiginiy. 
1 In 2 Veſſel with a pretty large Mouth, let a 
little chopt Hay be put to ſoak ; or ſamt Sttaw, or 
Flowers: of diſſerent Sorts; and Parts af any Plants 
whatſoever. Let it be expoſed for about a Week to 
the free Air but in the Shade in hot Weather. But 


 - if it is not convenient to ſtuy ſo Jong, Water may be 


e ef Places where there is groca Mol, or any 
ether -aquatick Plants. Meme iis Mt bovis! y « 
. Eros ſome common Vinegar in a GlaG 
aal, which-muſt be kept hp. 
g. Erur fone Opfter:Liquor for three or four 
Days in Drinking Glad, or in any ſuch like Veſſel. 
apoat ant - 1 7; ome garri; curd Ho e 
Aw or £25900 Bo rue ns, Duo ww 1 wm 


$ir4; botbougoveid won blood ww nw bes io 


1»; the, frſt Liquor we may perceive an infinite 
Number of little Animals, which ſeem to be of dif- 
ferent. Species, either as to their Figures, or to their 
manner of moving, which is in great Variety. Some 
of them, which are like to little Balls (a, Fig. 11.) 
dart out in a Right-Line, and always make Angles 


well expreſſec when! they change their DireQion. 
Others, (as 5) which are longer, and of an oval Form, 


do nothing but whirl about. Mary of them plainly 
ſhew their Paws, often atloven Tail, and other Parts. 
the Mat of Earth Worm, or like Leeches. | In 


athens v. may penceive the principal Organs, and the 
imulation of the Fuices. And, if wedo:butiobſerve 
with a little Attention, we. ſhall ſoon diſtover! even 
_ the final-Cauſe of theſe Motions, For we ſee ſome 
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of them devour others; and it is cafy to perceive,.that, 
ſome move to take their Parr. d 9.950 
being taken. - ; *22$112-20. 2th cu 

. 12. liche Mn which. has been expoſed. 
to-the Air for ſome; Days. in mild Weather, ug mag 
ſee very lively Inſects, whoſe Shape nearly reſembles 
ſmall Eels, It very. ſeldom | happens. that we ſhall 
find them SVGA TE FOR 
to be of another Species. wit 521% $03 1 -avorangy 
F. 13. The „ern an infinite 

Number of little Animals, which are like one another 
in Figure, and in their Manner of moving. The 
lietle Drop, in which they float, ſtems like a Baſan, 
in which we may obſerve a prodigious) Swarm. f 
Carps without Fins or Tails; and ſo wanſparest in 
— that we ee N W! n 
Parts, | G&>whut 211309 © on e — * 
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Animals as much, or perhaps more, than that of 
great ones. But in thoſe, as well as in theſe, ſhe is 
always conſtant and uniform in every Species. Thus 
Vinegar, when prepared as directed above, ſhews-us 
Eels, which differ only in. Bigne from common, 
Eels. And Oyſter -Water generally contains ſuch 
Animals only as we have ſpoken of before. 

Lr the Grſt Liquor , Anime, which 
have no. Reſemblance, either in Figure or in their 
Manner of moving. een 


£ , 
= 


clude,” that the Figure of theſe <A is 
che reſult of Chance, and that one and the ſame 
Species aſſumes this or that indifferently. This Li- 
quor is an Infuſion of ſeveral Sorts of Plants, where- 
in.diffetent Animals may find their Food. And com- 
mon Water, which is the Baſis of it, is a Medium, 
which may agree at the ſime time with ſuch Animals, 
a tre fed with Herbs, 2 — 
voracious. The Pike lives in the ſame Water, as 

- ch&Sitp4/ the” they ſees very differently. And the 
Hiſtory of Toſefts ſupplies us with a Number of Ex- 
amples, which more directly confirm this Suppoſi-: 
ton. Tis not the fame with the Vinegar, or the 
Water of Oyſters.” It is likely that theſe two Li- 
quots,/ agree but with a few Species of theſe little 
Animals and the Medium they inhabit, may pro- 
bably ſecure them from being purſued by others. 1 
have many times endeavoured to bring together the 
Inſects of freſh Water, with thoſe' of Vinegar or 
Oyſter- Water ; but the 42 always died im- 
10 Is ately. Dio n AI a 
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—_— W. time Inſects were conſidered only as 
che Offepritig of Corruption, and of the Rottenneſs 
of other Bodies. The Ancients were ſo ignorant of 
their Original, as to by obſerving certain 
el Procedure, attempt their Production by 
Aft; and for this Purpoſe they have even ventured to 
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duced, the Philoſophers endeavoured to confirm, and 
to find a Reaſon (for it. The prophane Syſtems, 
founded upon this Opinion, have not been without 
Patrons even in theſe our Days. But can the beſt- 
contrived Hypotheſis keep it's ground againſt Facts, 
in which Ignorance is hardly to be excuſed ? There- 
fore Our modern Naturaliſts, who are better in- 
formed in the Hiſtory of Inſects than they were 
heretofore, have aſſigned them a more worthy and 
truer Original. They have made it evident by Ob- 
ſervations of undoubted Credibility, that the Genera- 
tion of theſe ſmall Animals is as uniform, and as little 
equivocal in all their Species, as that of Lions, 
Horſes, Fc. They have anſwered by deciſive Ex- 
periments, all the ſpecious Appearances, on which 
that exploded Opinion was founded. We find 
Worms and Maggots in corrupted Matter ; Can it 
then, faid they, be doubted, that theſe Animals are 
the real offspring of that Corruption? As if we might 
conclude, that a dead Horſe engendered Crows; be- 
cauſe it often happens, at theſe voracious Birds flock 
together about it. Or that a Paſture produces Sheep: 
becauſe we ſee them feed there. We might bear 
with ſuch Suppoſitions, in thoſe that did not know 
that Birds build Nefts to propagate their Kind, and 
that a Lamb is always produced by a Sheep. If poſ- 
fible, we excuſe thoſe, who at firſt were deceived by 
ſuch Appearances z becauſe then they might not have 
the Means of the true Generation of theſe 
little Animals, ſo different from others by their Size 
and 1 But now that it is well „ 


1 


4% Danes in Experiments! Phiephy. 
thoſe are produced, which are viſible enough to be 
obſerved "it is ho longer permitted us to imagine, that 
Nature, which is ſo conſiſtent with herſelf in larger 
Productions, takes any other Methods to multiply 
thoſe, which their extream Minntenefs' will hardly 
falſer us to perceive with = Microſcope or that ſhe 
leaves to Chance, r ee 
— ptr mr rg 

W̃ii muſt therefore by no means imagine, that the 
tirele Eels we faw in the Vinegar, as well as the little 
Anitnals we obſerved in the, Infufions of the Plants, 
are putrified Parts of theſe Vegetables, which ate 
converted into animated Bodics. Experience informs 
us, chat if we keep the Veſſels cloſe ſtopped, nothing 
will be produced there. But we ought to conclude, 
that when they are open, the Females carried about 
by the Air, come thither to depolit their Egge of 

Spawn, as in a place, which may promote cheir 
batching, fupply them with Food, and make them 
grow. © This Conjecture (if it be no more) may be 
ſtrongly fapported by Exa How many Kinds 
of Flies do we fee,” that lay their Eggs in corrupted 
Waters, where the Spawn, after it is hatched, is fed 
and grows up; end at the ſtated Time of it's Meta- 
morphoſis, it riſcs up into the Air, — 
a mew Shape, and becomes like to it's Dam? 

"How#ve « engaging this Subject may be, I muſt 
not purſue it any farther. If the curious Reader 
would be more amply inftruted in it, he may con- 
falt M. 4+ R Hiſtory of Tnfe&s. There he 
may cofitrat a larger Acquaintance with this new 

People: 


Lauren in Euperiments) Philoſophy. 4 
People: To ſee them by the Eyes of ſo judicious an 
Obſerver, is to ſee them well indeed. It is enough 
for me to abſerye, that if we defire 
rough Kngwledge of that 


organical Bodies 3 there are no Kinds, which will 
more gratify our Curioſity, than thoſe of Inſedts, in 
whom we may equally admire, both the Differences, 
that diſtinguiſh the ſeveral Species, and the Unifor- 
mity, which prevails through the whole. 
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o « the SOLID ITY of BODTES.” 


H E Solidity of a Body is nothing ke bur the 

Quantity of Matter, which is joined together 
under it's Volume. I fay, which is joined together. 
For, if it happens that a foreign Matter ſhould paſs 
freely through a Body, and ſhould there exerciſe it's 
Motions independently; as the Water of a River, 
which waſhes internally a heap of Stones, which it 
meets with in it's Channel z this Matter would con- 
tribute nothing to the Solidity here intended. But, 
on the contrary, it would increaſe it, if it ſhould be 
found fixed under the ſame Volume; as if, for Ex- 
ample, the running Water, which we have brought, 
ſhould become Ice at the Moment that it is found 
among the Heap of Stones. A Baſket full of Holes, 
and plunged into a Fluid, has only it's own Solidity. 
If it be a Piece of Wood, it becomes more ſolid by 
the whole Quantity of Water which into 
TINY itſelf to it's Maſs. 
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To be ſolid is a Property not only common, but 
even eſſential, to all Bodies z whether they are con- 
ſidered in the whole, or whether we have Regard to 
theit ſimpleſt Parts only. This is alſo the leaſt equi - 
vocal Sign of their Exiſtence. Optical Illuſiona may 
ſometimes ſo far impoſe upon our Eyes, that we may 
be tempted to take Phantoms for Realities. . But by 
the Touch we are aſſured of the Truth, from the 
intimate Perſuaſion we have .entertained, that what- 
ever is Body is ſolid, and by Conſequence is capable of 
Reſiſtance; and that we. cannot put our Finger or 
any thing elſe in a Place, which is already occupied 
by any other Matter; except we make Uſe of ſo much 


Force, as is able to remove it. 


AL. Resſtance therefore declares a real Solidity, 
greater or lefſer. This is a Truth ſo little conteſted, 
chat I think it can need no other Proof than the Habit 
we have got, of oonfoanding the two Ideas 3. tho“ 
if we would ſpeak juſtly, one repreſents the Cauſe, 
and the other the Effet. But Caſes. may be pro- 
poſed, in which each of them, Solidity and Reſiſt- 
ance, may eſcape our Senſes, or at leaſt our Atten- 
tion. There are certain Bodies that touch us inceſ- 
ſantly, that touch us every where equally. Cuſtom 
has made their Contact ſo familiar to us, that we 
muſt reflect upon it, before we are ſenſible of the 
actual Impreſſion they make upon us. When a Per- 
ſon is ſurrounded by a calm and ſerene Air, there are 
few that conſider they have a continual Reſiſtance to 
overcome, from a Body, the Solidity of which op- 
Poſes all their Motions, If we were to go out-of the 
VOI. I. D Atmoſphere, 


5s Letturei in Bim PhiN 
Atmoſphite; and return into it again, we ſhould 
then perceive without any Reflexion, that the Air 
touches u on all Sides as we ſhould feel that the 
Water touches us, when we plunge ourſelves into it. 
Montoras that which" makes che Solidiry of 
Fluids to ekeape our Attention, is, the Independen- 
of their Parts db obe another, * their extreme 
indicneſs, which exceeds the Niceneſs of our Sen- 
ſes. S0 that they yield to bur leaſt Efforts, eſpecially 
den they are in ho large Quantity. And we hardy 
Sauk Ve ber fr all, eden we Lt but faintly.” 
Sten Fluids are the bnly Bodies, whoſe Solidity 
feijuites any Proof 3 "ad fince their great Readitieſs, 
with which they yield to any Impreſſion, might give 
Nihon to fuck, is & dt dd G6661y to itiings, 
to lyſpeft thit this Kind of Bodies are bt cipable of 
Refiftatice they wall have che Preference in thoſe 
$petithents, we appeal to xs Proofs: ind #s the 
Air is the leaſt Tolid'6f all thoſe that can be ſhot 
op in a thoſe Veſtel, let the Experiment be made 
it; that when It's" Solidiry is fully eſtabliſhed 
u Fats, ve may conthude à fortiors'the lame 
ang 6f tells B 
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and a little Piece of Cork A is put to float on the 
Surface. Then the Veſſel B is made to fink into it 
perpendicularly, fo that the Air, which it contains 
EMT WIPE [arte Mouth AJ 


ed Errors 


Tus Part of 95 Surface of the Water, which 
anſwers.to the Mouth of the Veſſel B, finks in Pro- 
portion as the Veſſel! deſcends. The little Piece of 
Cork, ,which floats upon it makes this finking ſen- 
ſible ; and ſhews, that oo Water enters into the 
Veſſel B. | 


ExyLAnATIONS. 


Tur Veſſe] B contains a Column of Alr, which 
fills it's whole Capacity. This Fluid Maſs, though 
conſiſting of but little Matter, is compoſed"neverthe- 
leſs of Parts, that are really ſolid, which cannot be 
diſplaced by another Body, unleſs a new Place is pro- 
vided for them, to which they may retire. As the 
Veſſel B is ſhut on all Sides, and as the Water, 
which is at it's opening, is heavier than the Air, this 
laſt Fluid cannot leave the Place it is in. And as it's 
Parts are ſolid, it performs the ſame thing in reſpect 
of the Water it meets, as any other Body would do, 
the Parts of which are joined together. Thus the 
Surface of the Water ſinks as much as the Veſſel con- 
aining the Air is made to deſcend ; which becomes 
evident by the Piece of Cork floating thereon, 

1 | D 2 Tuo 
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Tno' the Air of the Veſſel B oppoſes the Water, 
which endeavours to enter therein, yet it's Refiſtance 
is not ſuch as to exclude it entirely. We ſhall ſee 
elſwhere, that a Maſs of Air is a flexible Body, and 
that it may be compreſſed into a leſſer Volume when 
Violence is uſed. We ſhall alſo ſhew, that a Body 
immerſed in a Fluid, is ſo much the more ſqueezed 
together, the deeper it is plunged. When theſe two 
Principles are once admitted, they explain very ſatiſ- 
fatorily why the Water riſes a little in the Veſſel B, 
notwithſtanding the Reſiſtance of their. Which 
Effect would alſo happen, if inſtead of the Air, we 
ſhould ſubſtitute any other flexible Matter, not ca- 
pable of mixing with the Water; which we ſhall 
prove when we come to treat of the Compreſlibility 
of Bodies. But whatever ſhould happen, and how 
deep ſoever we ſhould fink the Veſſel B, the Water 
would never reduce the Volume of Air to nothing, 
pr take Poſſeſſion of it's whole Place. When once 
the Violence exerted at the Baſe, have made the Par- 
ticles approach as near to one another as they can, no 
Force whatever, can compreſs them into a ſmaller 
Space, And this is enough to prove, that Fluids 
hke all other Bodies, have an abſolute Solidity, 


 APPLicaTions, _ 


Wiru a little Reflexion we may learh kroch the 
foregoing Experiment, why we can never fill a Pot, 
or any ſuch like Veſſel with Water, by plunging it 
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with it's Orifice downwards: Why a Funnel, the 
Pipe of which fills the Neck of a Bottle too much, is 
not convenient for pouring Liquor into it: And 
what obliges us to have recourſe to other Methods, 
to fill up Veſſels, that are open only by a very 
ſmall Paſſage, as the Perfuming-Pot in the third 
Experiment, Se#. I. The Prejudice that Cuſtom 
impoſes on us, by always living i in Air, makes us 
look upon every thing as empty, which is filled only 
by this Fluid. In this Confidence, fo ill grounded, 
we are-apt to imagine, that a Liquor, need only 
offer itſelf any how to the Mouth of a Veſſel, in 
order to run into it, But we ought to conſider, that 
all ſuch Veſſels are naturally filled with Air ; as they 


would have been full of Water, if they had been 
made at the Bottom of a Well, and always continued 


there. We ſhould conſider alſo, that as the Parts of 
the Air are ſolid, we muſt not expect it will admit 


another Body in the ſame Place; and therefore in 


order to put Water, Wine, Sc. into a Bottle, the 
Air muſt paſs between the Neck and the Funnel, to 
make way for the Liquor. But when the Neck :s 
ſo narrow, that there is not room for a free Paſſage 
at the ſame time, for two Matters that run contrary 
Ways ; that is, for the Liquor to go in, and for the 
Air to go out; it maſt be brought about ſucceſſively. 
Thus to introduce the Spirit of Lavender into the 


| Perfuming- Pot before mentioned, we begin by 


heating it. And when the Action of the Fire has 
made a good Part of the Air to go out, which was 


contained in it, the Neck is plunged into the Liquor, 
7 D 3 which 
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which then takes the Place that the Air had quitted, 
In this Effe& we here conſider only the diſplacing of 
one Fluid, which is to precede the Introduction of 
another. When we come to explain the Properties 
of the Air, we ſhall then ſhew, how a Veſſel that is 
— loſes a great Part of the Air it contains. 

WI haye ſaid already, why the Air cannot eſcape 
out of the Veſſel B, in the foregoing Experiment, 
The fame Reaſon holds good for it's Continuance in 
the Diving-Bell, where the Divers are ſupplied with 
ſifficient Air for Reſpiration for ſome time. But tis 
by a contrary Reaſon, that we may conveniently 
draw the Liquor out of a Veſſel that we have pot a 
mind to remove, with a kind of Pipe ſwelling at the 
Bottorn, as is repreſented- by Fg. 15., For as this 
Inſtrument is open at C, the Air eſcapes at this Outlet, 
as faſt as the Liquor comes in at P. And the next 
Experiment, will inform us how we may transfer it 
when full, Tia ts EF, the 


EXPERIMENT Il | 
"Prnrana tron. 
„ Kind of Fountain, the Pipe 


3-46. 


of whiith E F oper at each Bod The Part E is 
raiſed about two Lines above the Bottom of the 
Baſon G H, which has a Hole at the Centte. The 
Reſervoir-I K, * regs” 


— Errrere 


Cauſes, 


then ceaſing to preſs, the Surface, of the Water at I K. 
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7 e aid. 
Tuts! Fountain runs at ſeveral 8 8 


the little Pipes 1, 2, 3, 4» as Ar 4 it ne 


with Wand oy the Reſervoir, 1 


Exyianary ONS, 


Wann the Pipe EK Fucpen, it gives a free Paſſage 
to the Air, which exerts it's Preſſure within, upon 


the Surface of the Water I K. There are then two 
which concur to the running of the Waterz 
the Preſſure of the internal Air, and the Weight of 
the Water. Of theſe two Cauſes the firſt is counter- 
balanced by the Reſiſtance of the external Air, which 
anſwers at the End of every one of the little Pipes 


1, 2, 3, 4, and which oppoſes itlelf without to the 
Fall of the Water, with a Force equal to the Preflure, 
which: urges it within. The ſecond Cauſe, which is 
the Weight of the Water, ſtill ſubſiſts entire, and is 
ſufficient, for the running of the Water. But when 


the Pipe E F comes to be ſtopt, the internal Air 


ſuffers that without to act freely, the Reſiſtance of 


which, being too hard for the Weight of the Liquid, 
the running will ceaſe. They make Ute of the 
Water that runs away, and that very ipgenioully, to 
cauſe Intermiſſions. 


As it cannot go out of the 
Baſon G H, which receives it, but by the Hole at 


® the. Centre there will be enough at firſt, and for 
an n n n. 


Pipe: 


| | Pipe; and it will be opened again, and give Paſſage 
| to he Abs — when the Water is run "_ 


ois 4 T 
_ APPLICATIONS, 


Lakes a 31 
InTERMITTING Springs are found in many 

Places, or ſuch where the running of the Water is pe- 
riodical. Theſe natural Effects, which are to be met 
with very commonly in the Neighbourhood of 
Mountains, often depend on a Diverſity of Cauſes, 
"which athſt each other towards the ſate End. But 
as the different Explications, which are given of 
them, are generally founded upon certain Properties 
of the Air, which we have not yet confidered, we 
muſt forbear to produce them till the Order we have 
propoſed in this Work, ſhall require us to treat on 
this Fluid. We ſhall only ſuppoſe here, what it 
has i in common with all other Bodies, that it is ca- 
pable of reſiſting and acting upon other Matters. 
And we find Proofs of it, not only in the Experi- 
ments already related, but in many Effects beſides, 
"which" dur nece ſſary Affairs will daily ſet before our 
Eyes. The Neceſſity of keeping open the Part 
of the Iuſtrument defcribed above, Fg. T5. for 
an the Water to enter therein at the Extre- 
5 wet vil not let us be ignotant of the Refiſt- 
abel of the Air, which would remain incloſed. 
Bot if we would tranſport! the Liquor we have 
drawn up, tis by a like Reſiftance made Uſe of 
* without, by which it is to be performed. © For, by 
*Hurting with one's Finger the End of the Canal C, 
bh roam to the external Air, to oppoſe with 
Wa it's 
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its whole Force in D, the Fall of the incloſed 
Liquid. Lamps and Ink-Glaſſes, the'-Reſervoirs 
of Which are inverted Bottles, as is repreſented 
Fig. 17. are more, (but ſomething varied) Ex- 
amples of the ſame Effects. If one ſhould make 
the leaſt opening in the upper Part L of the Veſſel, 
the Liquor would then be found between two 
equal Powers. For, the Air, which would re- 
ſiſt in M, would be only in Æquililrio with that, 
which would preſs at L, and the Oil or the Ink 
would freely comply with it's own Weight, which 
would not ſuffer it to remain ſuſpended above it's 
Level. But as long as the Reſervoir is cloſe at 
Top, the Air, which oppoſes at M will have 
ſufficient Force to ſuſtain the Liquor, If a Bar- 
rel is full, tho' it may have a Hole at Bottom 
for a Faucet, yet it would deceive the ExpeRation 
of him that made it, if he ſhould forget to give 
it Vent by a Plug-Hole at the Top. *Tis likewiſe 
for the ſame Reaſon, that if a Bottle well corked 
has a Hole made ſecretly at the Bottom, and is 
given to any one to uncork.; it will "duped 
him to ſee the Liquor run out ſo faſt. 

Taz Solidity of Bodies is alſo called Jmpenatrs- 
bility. But this Term ought to be explained, to 
prevent ſome Objections drawn from certain Ex- 
periments, by Which it appears, that ſeveral Nat. 


Exawple, receives within it a Quantity-of Waiter, 
which een eee — 


Laure in Experimental Philly. 
nander Which it is found ingloſed, aſter this Kind 
of -Penetratiap, does not ſeem... to be ſenſibly in- 
creaſed: A Veſſel full of Aſhes or Sand, ſtill ad- 
wits into it a great Quantity of Liquor. And equal 
Parts of Spirit of Wine and of Wattr, being mint 
in the -ſame Veſſel, take up le Space therein, 
aban they took up before. the Mixture. Is Matter 
therefore penetrable? Or, if it is not, In what 
Senſe is it's Impenetrability to be underſtond ? 
Fo chis ve muſt carefully diſtinguiſh between 
the appargnt Magaitide of Bodies, and. their real 
Solicity. The indiviſible Parts, if there are any 
ſuch, are abſolutely impenetrable. Even thoſe of 
an inferior Order, which begin to be compounded, 
are probably never penetrated by any Matter. In 
a word,” in all Bodies whatever, there is a certain 
Quantity of Parts, which alone occupy the Places 
they poſſes, and which neceſſarily exclude all other 
Bodies from them. But theſe ſolid and impenetrable 
Parts, which in reality are the true Matter of theſe 
Bodies, are not ſo joined together, but that they 
lente void Spaces between them, or which Spaces 
are full of ſome other Matter, which has no Con- 
nenion with the reſt, and which gives Place to 
whatever Attempts to enclude it. By admitting 
theſe lictle Intetſtices, the Exiſtence of which we 
"Nall (prove in che nent Lecture, we may caſily can- 
crive, that the Impenetrability of Bodies, is only 
to be ꝑnderſtood of the ſolid Parts, which are found 
1 in deine, ce 
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of POROSITY. ... 


HE Poroſity of Bodies is nothing elſe 
but che Vacuities, which are found 
$4 among their ſolid Parts, Now, by 
Res the Word Vany or Vacuum, we 
would not be underſtood to mean a Space deprived 
of all Kind of Matter. There. is no donbt but chat 
the greateſt Part of theſe Interſtices contains Flui 
-the preſence of which is diſcovered by a 
| Proofs. When I dip a Sponge, or a ſoft Stone into 
Waren, [ſhall fe a great deal of Air come out, as 


fa 


66 _ Leffure: in Experimental Philoſophy, 
far as the Water penetrates into it. And when I 
make moiſt things dry, they become Jighter in Pro- 
portion, as they loſe by Evaporation what their Po- 
rolity had admitted into them. Theſe foreign Cor- 
filled only the greater Vacuities. The Mat- 
ter of Fre, that of Light, which we ſee paſs into 
Bodies Which are impenetrable to Air, Water, Ct. 
ſuffer us not to doubt but that there are Pores of an 
other Order, which may be filled by theſe Fluids, 
which are much les groſs than ochers. But when 
we conlider the proper Matter of a Body, *tis always 
by abſtracting from all thoſe foreign Parts, which 
are governed by other Laws, and which do not par- 
take init's Affection. We have alſo Reaſon to be- 
leive, that after theſe firſt Vacuities, which, properly 
ſpeaking, are not really fo, fince they are full of other 
Matter; that there are other ſmaller ones, which 
are ſo in the literal Senſe; The Liberty that is ne- 
ceſſary for Motion, ſeems to require it. But if they 
truly exiſt in Nature, they are not capable of any 
Proof dy Experiment. Therefore excepting only 
the Gimple and primary Parts of Bodies, we ſhall fix 
i as a general Propoſition, that whatever is compoſed 
F rhaterial Parts is porous ; hard Bodies as well as 
Liquids, thoſe that are organized as well as others. 
Abd ir were is any Difference among them, tis only 
T 


Situation of the Pores. AI. 
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4 A 
EXPERIMENT | ned | 


- * 
1 „ 


Paz PARATION. , 


Tux firſt Figure hon ts KP. "eo 
Plate of which is fixt a Glaſs -Tube N O, terminated 
at the Top by a wooden Veſſel of Oak P, which has 
been excavated according to the Grain of the Wood, 
of which the Thickneſs of the Bottom is about three 
Lines. Water is put into mam and the Pump 
„ e 


Ex ECTS. 


AFTER ſome Stroaks of ths Sucker, che Water 
contained in the wooden Veſſel paſſes through the 
Bottom, and falls in Drops into the Glaſs Tube. 
The Weed dibas,/ e eee Val ourks. 


EXPLANATIO NS. 


6 Tun Air-Pump. i is an Engine, the Uſe of which 
is to pump out the Air, which is contained in a 
Veſſel. We ſhall not here ſay any thing of it's Con- 
ſtruction and various Uſes ; becauſe this is foreign. to 
our preſent Purpoſe, and will naturally find a Place 
in the Lectures, which will treat of the Properties of 
the Air. It is enough to ſay here, that in making 
the Pump of this Machine to work, as in the fore- 
going E t we may erhauſt the Air, which 
is contained in the Glaſs Tube NO. + Shim 


- 
\ 
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A Piece of Wood conſidered according to it's 


„Lc, ie # Cable oh of Bundle of finall Fibres, 


included within the Bark, which ſerves as a common 
Tegument. We may form an Idea of it, tho? in- 
deed a very groſs one, by repreſenting to one's 
Mind a Bunch of Matches included in a Caſe. 
How ſmall Borer theſeligneous Fibres may be, they 
can never lie ſo cloſe to one another, but that they 
mult leave ſome. Interſtices, which will form ſo 
many little Canals. - By excavating the Veſſel in the 
former Experiment, the Length of theſe Canals was 
reduced to the Thickneſs of the Bottom, which is 
not above two or three Lines. Therefore we may 
conceive this Bottom as a Sieve, open by an infinite 
Number of lictle Holes, which paſs from one of the 
Surfaces to the othet. Tet the Pores of the Oak are 
ſo ſmall, chat the Water wherewich the Veſſel & 
Giled,: div" aſſiſted by it's own Weight, cannot find 
a way through. It muſt therefore have recourſe to a 
foreign Power, to put it in a Condition of enlarging 
the Paſſages, that it may then penetrate the Wood. 
The Force uſed here, is the Preffure of the eternal 
Air, which Wways l Upon the Surface of the Wa- 
but which canmdt have it's Effect till the Reſi- 


- fences dliminithed, of male to ceaſe, of that which 


Without} being noWiger" faltained within at N O, 
ks Aba Be Toca of he went Path, 
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and gathers into N N M ene 
of a Shower of Rain. 

Tur Pores could „ un ma ns 
the ſolid Parts of the Wood fhould ſhrink! free one 
another, and fo the Surface be Extended; But If the 
Circumference, which” the Water penetrates leaſt, 
does not ſtretch orally © mbefi 8 the 
Middie, the Bottom of the Veſſel” will betome 
curved, or the" Vee!" ieſelf will open by dome 


Cb 
| AvpLicar rows.” | 
* | 

n Wed; which ce call Ef, 8338 
more porous than others, they are eafier to cut) 
when their Surface is not dawbed over with Toine 
unctious Matter, become humid when they art ùriet 
than the Air that touches them. Or elſe they looſe 
a Part of their Moiſture, if they are placed in in Aft 
leſs moiſt than themſelves : Becauſe it is of the Na- 
ture of Fluids, to ſpread themſelves equally every 
where. And as the State of the Attnoſphere is c 
tinually varying, the Woods, as well z alt other 
ſpohgioùs Bodies, are continually liable to Changes 
of Moiſineſs und Drineſo, which makes an Alters- 
tion in their Volumen. Their Surſuces ut bne time 
encreaſt i Extent, ur ail6cher titte they diminiſh or 
oontract·. Tis for this Renſon thut Walnſtütting 
in new Baildings, Purtitions of Deal, Cielings, and 
-cther Ibinem Work, iich were not made of Sen- 


"ola Stuff, often cleave with a great Crack, and the 
Joints 


64 Abe e enter Faber 
Joints Joſe their Kxactneſ and Solidity. - That a 
Window which ſhuts eaſily at one time, becomes 
too large at another, and can hardly be reduced to 
it's. Place: And that a Tub with Chioks, will ſwell in 
the Water and be repaired, &c. For, all theſe Effects 
are nothing elſe but an Increaſe of Dimenſion by 
Moiſture, or a Diminution by Drineſe. 

Tu is fort of Diſorders would not be near ſo con- 
ſiderable, as they are, if this Diminution or Augmen- 
tation of the Surfaces were equal every where, and 
made at the ſame time. In Works that are of one 
Piece, or which are joined together with Glue, 
there would only happen a Change of Magnitude, 
which would be often of ſmall Conſequence. But 
becauſe one Side becomes moiſt and larger, while 
the other continues dry and without Augmentation, 
there will follow Flaws, Bendings, Deformities, &c. 
Tis thus that Wainſcot grows hollow and bunches 
out, when the Surface that touches a moiſt Wall, 
continues more extended than the other ; and that a 
Door warps, when the Pieces that compoſe it are 
not equally ſukeptible.or pt from the Impreſ- 
ſions of the Air. | 

Tu Uſe of Paicting with Oil, and of Varniſhes, 
cures this ſort of Inconveniences very well. Thus 
ſtopping up the Pores of the Wood with a Matter 
that is not penetrable by Water, not only prevents 
coming out, which was incloſed at the time the 
Work was made. And it is a means of preſerving a 
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| conſtane State to ſuch things, which can change ony 
by being wet or dry. 

Tis wonderful chat the ſmall Parcels of Water, 
which infinuate themſelves into a ſolid Matter, ſhould 
be able thus to augment it's Extenſion by their little 
but multiplied Forces, notwithſtanding thoſe vaſt 


Reſiſtances which ſometimes endeavour to keep it 


within it's Dimenſions. We have ſeen Cables made 
wet, with a deſign to make them ſwell, and thereby 
to-diminiſh their Length; ſo as to draw prodigious 
Weights nearer to the fixed Point to which they were 
faſtened. An Experiment like to this, and which 
does not leſs deſerve our Attention, is made every 
Day in the Quarries, where they dig Mill-Stones, 
before the Eyes of thoſe who little regard the Curi- 
oſity of it. Stones of this Kind are very hard yz and 
as they have not the Cuſtom of ſawing them, they 
make Choice of a Block, which is formed into the 
Shape of a Cylinder of a ſuitable Diameter: and while 
it reſts upon it's Baſis, they divide it by circular and 
parallel Notches, at ſuch a Diſtance from one ano- 
ther, as is neceſſary to make the intended Number 
of Mill-Stones. But as theſe Notches cannot be 
made- deep enough to reach to the Axis of the Cylin- 
der, there will remain a Spindle, which muſt be 
broken, at every Notch. | To effect this, they fill 


. { 200 
NI | 


theſe Notches with Wedges of ſoft and dry Wood; 
then they increaſe their Volume by wetting and 


ſprinkling Water upon them. What is to be ad- 
mired in this Practice is this, that neither the 


Weigbe nor the Hardneſs of ſuch.a Stone, can hin- 
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Wood ; but by a Method fo ſimple, and of fo little 
Power in Appearance, n 
. 9. 


* 
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| PatzPARATION. 

Ius rA d of the Glaſs Tube in the foregoing Ex- 
periment, here is put that which is repreſented by 
Fig. 2. It is furniſhed above with a Flagon of Cry- 
ſtal-Glaſs, the Bottom of which is made of Buff. Skin, 
and in which Quickſilver is put, to the Height of 
abou d Vipgers. | 


Eryrects, 


e of tie; the- 


Mercury' will paſs through the Leather, and fall ſo 
faſt into | ci Ao ape ren 


e 


ExPLANATIONS, 


Tux Buff. Skin 1 Sup en e to the 
Flagon, like the Skin of all other Animals, is very 
porous. The Quickſilver, which lies upon it, is not 
in Quantity enough to force a Paſſage by it's own 
Weight, But when there is joined to it the Preſſure 
of the external Air, as in the firſt Experiment, then 
. : | £3 $4% it's 
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it's little Globules can paſs through, and in falling can 


Wee TO he oe Number, 


ArriicariONs. 


Tur Life of Animals is maintined 51 Food. But 
of al that they take in the Form of Nouriſhment, 


Nature makes Uſe of but a very ſmall Part, for the 


Subſiſtance of the Body that digeſts it. When ſhe 


bas ſeparated her Part, and diſpoſed of it according 


to her Views, ſhe has Ways by which ſhe diſencum- 
bers herſclf of the Superfluity. One would be apt to 
think; that the Evacuations' commonly known, are 
thoſe which carry off the greateſt Quantity of theſe 
Exceedings. But there are others, which are leſa 
perceived, and which operate more; - becauſe they 
are performing it-continually, What is called Tran- 
ſpiratiom is nothing elſe but an Evaporation of ſupegs 
abundant Humours, which is performed for the grea- 
ter Part through the Pores of the Skin. If it is ſuch 
as makes the Surface of the Body -notably moiſt, it 
is then called ſenſible Tranſpiration, or commonly 
Sweating. But this State is not natural: For, it re- 
quires violent Exerciſe, or ſome extraordinary Agi - 
tation of the inward Parts. Yer the moſt quiet Ani - 
mal, and which is in the beſt Health, is not an In- 


ſtant without tranſpiring, in a manner indeed that is 
hardly' ſenſible, but of ſuch Efficacy in the Main, 
that (according to the Experiments of Sanforius, of 
Mr*Dedar!, and of ſome other Perſons, who have 
my them with Carez) of eight Pounds of 

| E 2 | Nouriſh- 
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Noutiſhment, which a Man may have taken in 24 
Hours, . taken away five 
of them. 

Wu cannot * be ſurprized at the Decay 
and Fainting of ſuch, who have been too long a Time 
without eating, or who take in ſuch Subſtances, as 
are but little capable of repairing what is continually 
loſt by Tranſpiration. But we have more Reaſon to 
de ſurprized, when we ſee lethargick Perſons, and 
certain Animals, as Marmoſets, Dormice, Cc. live 
ſeveral] Months aſleep, without taking any Nouriſh- 
- - Tnosz who have ſeen living Bodies aſleep in this 
Manner might eaſily perceive, that their Condition 
much more reſembles a general Numbneſa, ſpread 
through the whole Habit of the Body, than any na- 
tural and common Sleep. In an Animal that is only 
aſleep, according to the ordinary Courſe of Nature, 
| Reſpiration will be ſenſible and frequent. The 
Warmth and Softneſs of the Limbs are a Teſtimony, 
that the Humours are in Motion, and circulate with 
Freedom. There is but- one Step to make, as we 
may ſay, from this Sleep to Awaking. Thus Tran- 
ſpiration continues; becauſe it's Cauſes are nearly the 
ſame. But in a lethargick Animal the Caſe is not 
the ſame; every thing is almoſt in an entire Inaction. 
It differs not from a Thing dead but by a Remainder 
of Motion, which is hardly to be perceived, and very 
often .revives no more. Or, if at laſt it does revive, 
it's extream  Leanneſs and Weakneſs, plainly ſhew 
— arms it has undergone by a flow 

_—_ 


W 


Tranſpiration, but of too long Continuance. I have 
ſometimes obſerved it in that Sort of Mice called 
Dormice.! The State of Numbneſs in which they 
were, made their Limbs as ſtiff as if they had been 
dead. They hardly ſeemed to be warmer than the Wall 
from which they were taken. When there is ſcarce any 
Sign of internal Motion, and ſuch a Difficulty of 
awakening them, as to allow one to move them in any 
Manner, and even to hurt or wound them: In ſuch a 
State the Animal ſuffers but little Diſſipation, it may 
ſupport itſelf for ſome Time without Nouriſhment ; 
and the Time in which it lives thus, is always that 
of the whole Year, wherein — is teſs 
abundant, that is, in cold Weather. 
In the great Heats of unter we Genpheusdie 


and commonly eat leſs, than at other Seaſons, The 


Parts of the Stomach, which are appointed for the 
Digeſtion of the Aliments, then relax themſelves, 
juſt at a Time when it is more neceſſary that they 
ſhould exerciſe their Functions. Then Animals are 
leſs vigorous; becauſe they loſe more, and recruit 
leſs, than at other Times. An Appetite to eat, and 
the Need of eating, are different Things. 

Ir the Skin of Animals has Pores, which tranſmit 
Humours from withit! outwardly, it has alſo ſuch, 
which admit a Paſſage for Matters, which act from 
without to Parts within. The Art of Medicine ap- 
plies Reiniedies outwardly, which convey their Effects 
to the moſt inward Parts, and will not ſuffer us to 
22 aan 
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As Egg is put a e AtbabdtePFogs: 
which is covered n 
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Wazn rot, ain in ke to 
take away a Part of the Air which is within the Re- 
ceiyer, the whole Surface of the Egg will be covered 
with little Bubbles of Air, which ſeparate themſelves 
by little and little, to riſe to the Surface of the Watet. 
And at certain Places of the Egg are ohſerved little 
Spouts of Air, which, ee by ee 
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Tas . for this 
(Reaſon: in a fe Days, a Part of it's Subſtance will 
evaporate, 'which is ſoon replaced by the Air, which 
ſurrounda it. This Air contained in the Egg will not 
go out again as long as it is retained by the Prefure 
of the Atmoſphere, | But when this, Preſſure is di- 
r or r taken aways ns 


- * 
. 
— 


5 


r 


Len in Buperimental Plähtpin 71 
the Air is taken out of the Receiver, which ſqueezes 
the Water againſt the whole Surface of the Egg; 
then the internal Air, by a Property which we ſhall 
explain in due Time, endeavours to-paſs out, and in 
going out ſhews the Pores of the Shell, by which it 
came in. Moſt of theſe Pores are ſo ſmall, that the 
Air cannot paſs through them but by inſenſible Parts, 
But the mutual Adheſion of theſe Particles retains 
them, till their Volume is augmented by a ſufficient 
Number, which forces them to ariſe to the Surface 
of the Air, by the Difference there is between the 
ſpecifick Gravity of the two Fluids. 
Tu Poroſty is not every where alike, There are 
Places where theſe little Paſſages are more open, and 
through which the Air paſſes freely enough, and in 
Quantity, great enough to comply at once with 1t's 
relative Lightneſs. Tis that which gives Occaſion 
to thoſe; little Spouts, which we may obſerve in ſeve- 
ral Places. ; The Water, which is put into the Cup, 


and with, which the Egg ought to be quite covered, 
ſerves, only to ſhew the Bubbles of Air, which come 
out of the Shell, and which could not be obſerved 
nr. 
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6 * Eupen hoſe which have pdt er. lch hae 
Part which is called the Milk, and which we find 
immediately upon opening them, when they are not 
boiled oo hard, Thus 28 Wa 
is 4 
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their Age, one might call thoſe freſh likewiſe, 'which 
have been laid for ſeveral Days, but in which that 
Diſſipation of Subſtance has been prevented, which 
is only the Effect of the "Evaporation, which is ſoon 
made through the Pores of the Shell. Tis not only 
z Matter of Curioſity, to preſerve Eggs freſh in 
Quality, Which are Stule us to Age; bur it is a real 
Advantage, always to procure one's ſelf 4 Food in 
good Condition, which often becomes doubtful 
when kept long. In Voyages by Sea, and at Seaſons 
in which Hens do not lay, or but ſeldom, tis a good 
Refuge to have a Provifion of Eggs, which are as 
good as if they had been new. laid. NM. de Reaumur, 
who never confines bis Enquiries to Speculations of 
meer Curioſity, offers us 'a Method to do it, which 
ſeems to be as fimple, and more ſure, than all thoſe 
which had Been contrived before him. e adviſes to 
ſtop up the Pores of the Egg with à Covering 
that cannot” be diffolved'by Water, .and which has 
ſome Confiſtance, fo that whatever ſhall attempt to 
tranſpire ffom within to the Outſide of the Egg, can- 
not melt that which ſhall fink into the Pores, being 
zs ſo many little Corks. Two or three Coats of 
common Varniſh, a ſlight Covering of Mutton- 
Sewet, or of Wax only warmed till it is liquid, are 
Means which ſucceed alike! ' And I can ſpeak from 
my own Experience, that an Egg thus kept for five 
or fix Months has n zen Mill and has hot the 
aft 6ffevitive Tate MLM ech 2 4 nadw Taft 
Eds varniſhed or oovered in the Manner now 
"faid; habe not only the Advantage to keep good, fo 
2 en 
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as to be eaten as if they were new-laid z they have 
likewiſe this Advantage, that a Hen may ſit on them 


with all the Safety that can be deſired, after a Time, 


which without this Precaution, it might be expected 
they would become rotten, *Tis then a new Means 
to attempt to raiſe ſtrange Birds, which cannot be 
tranſported alive without much-Trouble, and which 
generally do not breed out of their own Country. 
Their Eggs being varniſhed are eaſily brought over, 
will be 'fit to be fat upon after a long Voyage; and 
we know that one Kind of | Fowls will ſit upon the 
Eggs of another. A Hen will [hatch Ducks, 'Phe- 
ſants, &c.: But in ſuch a Caſe it ſhould be remem- 
bered, that Varniſhing is preferable to any other Co- 
vering, which being to be applied hot may deſtroy 
the Voung; as alſo that the Varniſh is to be taken 
away, when the Eggs are to be put under the Bird 
that is to Hatch them. The Tranſpiration that 


nnn 


ceſſary in the Incubation. And theſe are two 
Facts, which are equally aſcertained by the Trials 
of M. de Reaumur ; firlt, that an Egg which is 
varniſhed, will continue, in vain under the Bird that 
fits upon it; and ſecondly, that the Egg, which has 
been ſo covered, and afterwards ceaſes to be ſo, may 
be fat upon, and will come to Good, juſt the lame as 
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4d ns alViewr of: white Paper e may be 
written-or drawn, with a clear and colourleſs Liquor, 
which & prepared with: diſtilled Vinegar and Li- 
tharge. This Fuper, which will hare no Sign of 
Writing vpon it when it is dry, muſt be put within 
the ſirſt Leaves of a Book, of about four or five 
huntired Pages Then upon the laſt Leaf of the 
Dek, witk a bit of Spunge, is ſpread another Li- 
gun which has no more Colour than the former, 
und Which is 4 Preparation made with 'Orpimeot, 
quick Lime, and common Water. The Book is 
— r 
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| Want the Paper ber b b taken out which was put into 
- that dich . or drawn, with the 
firſt vor, will be Pound coloured with © darkiſh 
Colour z, and in anf he reſt of the Book he 
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Tuzsz two Liquors, which Cuſtom has called 
- Sympatherith Inks, are of ſuch a Nature, that wherever 
1 they 


” 
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they meet, their Mixture appears under a Colour that 
neither of them had before they were joined. Fhis 
is an Effect, which is common to them with many 
other Liquors, for which we ſhall endeavour to give 
a Reaſon, when we come to ſpeak of Light.and Co- 
lours. The latter of theſe two Liquors, exhales x 
very penetrating Vapour, which may be perceived by 
the Smell, and which paſſes through the Leaves of 
the Book. in a very little Time. Now the Vapour of 
a Liquor. is the Liquor ĩtſelf divided into very ſmall 
Parts ; and; in this State, it is equally proper to 
unite itſelf, with that of the firſt which was ſpread on 
the white Paper. Therefore 4 Mixture is made. of | 
+ both, which appears of that Colour, which they 
dught to produce, as. often, as they are joined to- 
the Union of both, the Vapour in penetrating the 
Book cannot hot of it's — be- 
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" Srmen all. eri: Qualities, are baniſhed our of 
Natural Philoſophy, by by which an Anſwer could be 
given to every thing, but which in Reality gave a 
Reaſon for nothing, to any one that deſired clear and 
diftin&.Ideas ; we muſt no longer admit Sympathy 
and Antipaiby as Cauſes of any Phænomenon, unleſs 
we take theſe Words by way of Abbreviation, for 
the mechanical un. 


* 
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As when'we E, fuck 4 Remedy, or fuck a Food. 
is 00d for che Breaſt, the'Stornach, Qt. A Way of 
ſpeaking, Which is che fame as to fay, that a good 
Efect may be expected from it, "without explaining 
at Letigeti' iow this Action is performed, which is 
to preſerve or repair thoſe” Parts of the Body. But 
in order to give a Reuſdt of the foregoing Experi- 
ment; if any one "ſhould ſay, the ſecond Liquor 
ppear, becauſe it ſympathizes 


makes tlie 'Brſt to a 
with it, this would not fatisfy thoſe who expect a 
rational and intelligible Explication. lt would" be 
required of kim to ſhew” larly, or at leaſt in 
general; in what this Sytmpathy conſiſts. His Rea- 
ſons would not be admitted, ' unleſs he could derive 
then from known Principles. For, in his Ratio- | 
| nale, if he ſhould introduce any thing new in Phy- 
cke; he would ſtill be put upon the Proof of it ; 
without which it would all be only an * 
and therefore of no Force.. 

TrarT which makes them kite Rewarks to Sym- 
pathies and Antipathies, to explain certain Facts, is 
generally the Difficulty they find to reconcile them 
with the known and ordinary. Laws of Nature. But 
who do this, are often but little acquainted 
with theſe Taws, of with the Uſe that may be made 
of the Knowledge of them. A Mart well furniſhed 
with this/Rhowlelge knows alſo, that the Properties 
'of © Already known are few in Number, but 
that tiſcy are very fruftful in their "Applications. | 
They ſhew'themſclves ſo many different Ways, that 
de enn Hardy perde himſelf he ſhall ever find 

them 
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them to fail him Without flattering himſelf that 
he knows them all, he hardly allows himſelf the Li- 
berty of ĩmagining new ones. He rather chooſes to 
believe, that he does not ſee them always where 
they really are, and that what he cannot now per. 
ceive, may poſſibly be reſerved for ſome happier 
R n 
Bu r it muſt be confeſſed, that Facts are often 
inexplicable, becauſe they are either falſe or miſte- 
preſented; and if we would act prudently, they 
ſhould be well verified before we are at the Trouble 
of making an Explication of them. Thoſe that relate 
them to us, have believed they ſaw what they really 
did not ſee ; for want of Diſcernment or Attention. 
Or, perhaps they repeat them after Perſons, that 
have ſome Intereſt in them, or Men of no Veracity. 
If Credulity, and the Affectation of telling ſomething 
' marvellous, come likewiſe-to the Aſſiſtance of Igno- | 
rance and Prepoſſeſſion; we may receive, as un- 
doubted Facts, all the ſhallow and puerile Imagina- 
tions that offer, and all the Exaggerations that paſs 
from Mouth to Mouth, which gain Credit by Time, 
and by the Authority of ſomebody, who was ſup- 
poſed to have more Knowledge than he really. had. 
I am not now ſpeaking of the ſuppoſed Impoſſibility 
of tuning a Muſical Inftrument of two Strings, one 
of which is made of the Gutts of à Sheep, and the 
other of the Gutts of a Wolf: Or, of the imagined 
Daoger of caſting into the Fire, either Urine or 
Blood : Or, of a Cure, which is to be performed by 
carrying certain Fruits in one's Pocket, or by throw- 
ing 
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ing them into a Well: Or, of inſinite other like Re- 
medies, or Preſervatives, which every one now knows 
to be ridiculous, and which are ſupported by no phi- 
loſophical Experiments. How long did the World 
ſtand amazed at the famous Sympathetick Powder, 
and it's wonderful Effects? Yer tis known to be 
nothing, elſe but Vitriol calcined by the Sun, and 
made into a Powder. This Mineral is aſtringent, 
and when it is applied to a Wound, it will hardly 
fail to dry it up, and to diſpoſe it to cloſe in a ſhore 
time. Mitherto there is o Sympathy, in the Senſe 
this Word is taken. Alſo when this Powder is made 
Uſe of near the wounded Perſon, upan a Clath dipt 
in his Blood till warm, it ſometimes: happens that 
the Wound feels it, or is ſenſible of it: There is 
yet nothing ſympathetick, but to thoſe that are ig- 
norant, that Vitriol pulverized exhales into inſenſible 
Particles, which the ambient Air carrics about, and 
which joins itſelf to humid things preferably to 
others. | But the Marvel of this Operation is, when 
this Powder acts at a great Diſtance, as from al 
fix or ten Leagues. | 

—— Probeiticy; & muſt be cnnei, of 
ever explaining ſuch a Phænomenon with any Ap- 
pearance of Truth, according to the 'known and or- 
dinary Laws of Nature: And in vain ſhould we at- 
tempt to explain it, if it be nothing elſe but the ex- 
travagant boaſting of ſome Quack, blindly ſupported 
by Credulity, and by a fond Deſire of hearing and 
telling Miracles, But this is the Sentiment we ought 
f to 
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to have af it, according to the Opinion of thoſe ®; 
who would truſt nothing but their on Eyes in this 


niſh into nothing, if only Facts were faithfully re- 
lated, with all their concomitant Circumſtantes?? 
 NoTw1iTHSTANDING we are certain, that Po- 
roſity is a Property common to all Bodies; yet we 
do not know the abſolute Quantity of theſe Pores. 
For, as all Matter is heavy, and as Gravity belongs 
only to what is material, we know very well, that 
one Body has leſs Vacuum than another, when, Vo- 
lumes being equal, it weighs more than the other. 
But this Compariſon ſhews only their relative Poro- 
ſity. It does not tell us, that in one of the two there 
is juſt ſuch or ſuch a Quantity of ſolid Parts, which 
would teach us very ſatisfactorily how porous it is. 
The, true Means of being informed of this would be, 
to have a Standard of Compariſon, which ſhould be 
entirely ſolid, in which the Magnitude, and the 
Weight would be truly ſynonymous, Fot in com- 
paring a Portion of this Matter with an equal Volume 
of another Matter, if this, for Example, ſhould 
weigh leſs by half, we ſhould have Reaſon to conclude, 


not only that it is Jeſs folid by half, as we generally = 


do, but we ſhould alſo know the juſt value of this 
A. And we ſhould look upon it as a Thing certain, 
that the Porolity of this compared Matter was equal 
_ to. it's Solidity. Becauſe the Gravity, which is an 
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be 


Matter. How many ſuch like Chimeras would va- 
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be there perceived to be but half as much, as in an 
equal Bulk which is nothing but Matter. 

Bur a Body of this Kind will never be any thing 
elſe but a meer Suppoſition, which can never become 
real. For, we know no ſuch Body in all Nature. 
Of all Material Beings, that we are acquainted with, 
Gold is the moſt compact, and contains moſt 
Matter under a determinate Magnitude. There is 
no known Matter, of which a cubical Inch weighs 
ſo much as a cubical Inch of Gold. Yet this Metal 
is porous, becauſe Quickſilver penetrates into it in a 
Moment; and Agua Regia, which is made Uſe of 
to diſſolve it, acts from Surface to Surface, even to 
the laſt.” Several Philoſophers * have even carried 
their Conjectures ſo far as to believe, that in Gold 
there may be as much Vacuum as Plenum. What 
Notion muſt we have then of the Poroſity of other 
Bodies ? Of common Water, for Example, which 
weighs about 19 Times leſs than Gold ; or of Air, 
which is 800 Times leſs ſolid than Water? 

On z Matter is not always more porous than ano- 
ther, for this Reaſon only, becauſe it's Pores are 
- more open. Ofren the Number makes amends for, 
or even exceeds in one, what the Greatneſs of the 
Pores does in another. However a Cork may be 


compreſſed in the Neck of a Bottle, yet it never 


becomes as compact as a Piece of Wood of any other 
Kind. As for Example: Tho irs Volume n may be 
diminſhed by Compreſſion, it can never be made as 

„ Nowtes's Trent of Opticks, I. i. p. 3. prop. 8. 
heavy 
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heavy as Oak: It's Poroſity then is always greater, 


yet neither Oak, nor any other Wood will ever be 
ſo convenient as Cork, to prevent the Evaporation 
of any Liquor incloſed in a Veſſel. It is therefore 
more than probable, that if in one of the two the 
Sum of the Vacuities is greater, tis not ſo much on 
account of the Greatneſs as the Number of the Pores. 
When Aqua Regia, which diſſolves Gold, refuſes to 
penetrate a Maſs of Silver; Will any one ſay, in 


conſequence of the relative Lightneſs of this Metal, 


that it has it's Pores more open than the firſt ? That 
which enters into this, why cannot it ſubdue the 
other, if, as is ſuppoſed, it's Parts being more di- 
ſtant from one another, give a better Opportunity to 
the Diſſolvent? Would it not be better to ſay, that 
the little Vacuities in the Silver are not altogether 
ſo great as in the Gold, but that they are much more 
numerous ? 

HirRHERTO the Explanation does not ſucceed 
amiſs. But if it is anſwered, that the common Agua 
Fortis that divides ſilver, and the greateſt Part of 


other Metals, does not touch Gold; it muſt be 


owned, that the relative Magnitude of the Pores, be- 
comes but a weak Reaſon. For, why cannot that, 
which inſinuates itſelf into a leſs Aperture, do the 
ſame into a greater? Is it becauſe there muſt be an 
exact Proportion between the little Points of the 


Diſſolvent, and the Pores of the Matter to be diſſol- 
ved? Or to ſupport this Nr muſt Figure 
be annexed to pern ? 
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We: cannot doubt but that one Matter differs 
from another by the Configuration of it's inſenſible 
Partsz and becauſe they are differently figured in 
different Bodies, it follows, 'that the Pores in every 
one muſt be of different Forms. By the help of this 
Principle, which is inconteſtable, we may eaſihy con- 
ceive, that a ſolid Particle, muſt not only have a 
fuirable Magnitude, but alſo a convenient Figure, 
in order to place itſelf in one of theſe little Vacancies, 
or to paſs from one to another. And that if one of 
theſe two Conditions ſhould fail, the other may 
eaſily be inſufficient. This is a Caſe in which we 
are obliged to acknowledge, that even with ſure 
Principles, and which are granted in other reſpeRs, 
we muſt ſtil} continue in Doubt as to our Explica- 
tions, when we apply theſe: Principles only upon 
Conjecture, and that Experiment does not Ware 
W we have gueſſed right or no. 

Bur finally, tho we ſhould be ignorant whhther 
it is a Proportion of Magnitude or of Figure, or both 
together, which makes a Diſſolvent to act upon one 
Matter preferably to another; the Fact is not the 
leſs known for that, and the Arts for Wr time 
have converted it to Uſe, of 

Tan Etcher takes a Plate of Copper, which is 
thinand well-poliſhed ; he daubs it over lightly with 
a Covering of à Kind of prepared Wax, which he 
blackens over with the Smoak-of a Lamp. He 
_ :draws upon this covered Surface with a Steel Point, 
which lays open the Copper by as many Strokes as 
his Deſign requires. He borders his Plate with 2 
av Ridge 
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Ridge of ſoft Wax, he places it in a Horizontal Po- 
ſition, and covers it three or four Lines deep with 
Aqua Fortis, weakened with common Water a third 
Part or one Half. In a little time the Copper, that 
was diſcovered by the Steel Point, yields to the Ac- 
tion of the Diſſolvent, and is eaten away more or 
lefs according to the Intention of the Artiſt, who 
regulates the Continuance of the Operation. In the 
mean while the Wax, which is not at all diſſolved by 
the Aqua Fortis, preſerves the reſt of the Surface 
from receiving any Injury. *Tis thus they prepare 
a Leaf of Metal, in order to multiply the ſame 
Stamp three or four thouſand times, by making it 
paſs ſucceſſively through the Preſs, upon ſo many 
Leaves of Paper. 

MARBLE is impenetrable to Water, and many 
other Liquors. But it is not ſo to Spirit of Wine, 
Spirit of Turpentine, or melted Wax. Theſc Ex- 
ceptions have been applied by ingenious Perſons, as 
ſo many means for introducing foreign Colours into 
the inſide of Marble, and. to make white Marble 
imitate other Kinds, which are naturally coloured. 
The late Mr Dufay, who was very expert in tinging 
hard Stones, and who has communicated his Diſco- 
veries of this Kind, to the Academy of Sciences “, 
has often ſhewed me Tables of Marble artificially 
tinged, which were well imitated, and fo ſtrongly 
penetrated, that they were afterwards poliſhed, with- 
out loſing any thing of their Colours, | 


0 * Memoirs of the Academy for 1728. p. 50. 
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Tux Verniſhes of which now ſo much Uſe is 
made, are nothing elſe but Gums of different Sorts, 
which are liquified by Means of - ſome Diffolvent. 
Such a one diffolves in Spirit of Wine, which con- 
tinues whole in Oils; and theſe Oils are employed 
ſucceſsfully in the melting of others. The whole 
Art conſiſts in knowing in what Menſtruum each is 
diſſolvable; and this Choice without Doubt be- 
comes neceſſary, only upon account of the Diffe- 
rence there is, between the Poroſity of one and that 
of another, | 
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SECTION II. 


Of the COMPRESSIBILITY and the 
ELASTICITY ff BODIES. © 


HAT we have already ſaid of Poroſity 
muſt make it evident, that the apparent 
Magnitude of any Body muſt always exceed the real 
Quantity of it's own Matter. And this Exceſs per- 
haps is as various, as are the Kinds of Bodies that 
compoſe the Univerſe. For we ſeldom find two 
Sorts of Matter, which weigh 3 under equal 
Volumes. 

Tunis Relation of the Volume to the Maſs is 
what we call Den/ity. One Body is more denſe than 
another, when the real Quantity of it's Matter dif- 
fers leſs from it's apparent Magnitude; or, which is 
the ſame thing, when under a given Magnitude it 
contains more ſolid Parts. Therefore Lead is more 
denſe than Copper : But Air is re 
Water. 

Bur the ſame Body may change it's Denſir, 
That is to fay, it's Maſs continuing the fame, 
F 2 It's 
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it's Volume may vary either by increaſing or di- 
miniſhing. When a Body becomes more denſe, 
tis becauſe it's ſolid Parts contract themſelves cloſer 
into a leſs. Space ; and this may be done two ways, 
eſther by removing an internal Cauſe, that kept the 
Parts at a greater Diſtance, or when we apply a 
Force externally, which obliges them to approach 
nearer to one another. We may diſtinguiſh from 
one another, each of theſe two ways of diminiſhing 
the Volume of a Body, by calling the firſt Conden/a- 
tion, the other Compreſſion, (Tho? to ſpeak ſtrictly, it 
will always be condenſing a Matter, when we create 
a Diminution of it's Volume, let the way of doing 
it be what it will.) Thus to ſqueeze Snow in our 
hands to make a Ball of it, is to compreſs it; to cool 
a Liquor, or to diminiſh the Heat that dilated it's 
Parts, is to condenle it. 

WI know no Body in Nature, (abſtracting from 
the Elementary Particles, or Atoms, if there be any 
ſuch,) the Volume of which may not be diminiſhed 
by one of theſe two ways, and often by both. How 
hard ſoever a Matter may be, it is never perfectly fo; 
it's Particles are always more or leſs dilated, either 
by an internal Motion, which may be abated, or by 
the Action of ſome foreign Fluid, which penetrates 
it, which may be overcome by an external Power. 
For Example; a Bar of Iron, which has been made 
red hot, afterwards becomes ſmaller and harder as it 
grows cold ; becayſe it's Parts by little and little, 
approach nearer to one another, by loſing the vio- 
lent Motion that they had acquired in the Fire. A 


Sponge 
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Sponge ſoaked and dilated by the Water it cont in, 
is reduced to a much leſs Space, when the Water 
that - Ys it's Pores, 18 ſqueezed out. A Ball of 
Marble or of Glafs, even a Diamond itfelf, when 
thrown againſt any thing that is very hard, will re- 
bound at that very Inſtant 3 and we ſhall ſhew pre- 
ſently, that the Motion of Reflexion is a Proof of the 
Compredibility of the Body reflected. a 

ALL Bodies in general, whatever State they ate 
in, Solid, Fluid, or Liquid, are ſuſceptible of Con- 
denſation. A Piece of Marble, eſpecially if Black, 
is found to be ſenſibly leſs, when it has continued 
for ſome time in a Place, much colder than where it 
was before, when it was firſt meaſured. A Bladder 
or Foot-Ball filled with Air in the Summer time, be- 
comes flabby in the Winter. And the Liquor of the 
Thermometer does not deſcend towards the Ball, 
but when it's Volume is no longer ſufficient to fill the 
Part of the Tube, which it poſſeſſed when theWeather 
was hatter, - But we ſhall forbear to ſpeak more at 
large of the Manner in which Bodies are condenſed, 
till we come to treat of the Fire and Heat, by which 
they are rarified. 

As to Compreſſion, we cannot ſay that it belongs 
ſo generally to Matter conſidered in all it's States. 
All folid Bodies are compreſſible, and Experience 
hitherto has not excepted one. Air may be conſi- 
derably compreſſed, and by this Property it exhibits 
ſurprizing Effects, which we ſhall relate in due Place. 
Other Fluids, as Smoak, Flame, Cc. have never 
yet been tried in this View becauſe, without Doubt, 
23 „„ F 4 it 
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it would be very difficult, and perhaps impoſſible, 
to apply them alone to Experiments of this Kind. 
But as to Liquors, they have never given directly 
any token of Compreſſibility, whatever Attempts 
have been made. And it ſeems as if all was done at 
firſt that could be done. The Experiment of the 
Academy del Cimento was as ingenious as the Reſult 
was little expected. And it does not appear, that 
any other have ſince tried it to better Purpoſe, 
Sir J. Newton o relates it as a very curious thing; and 
as if he had apprehended, that ſo ſurprizing an Effect 
ſhould be received without Heſitation ; he aſſures us 
that he received it from an Eye-witneſs. As to my- 
ſelf, I can appeal to my own Eyes for the Truth of 
it, and the Uſe I make of it in my Courſes, has al- 
ready put it in the Power of many Perſons to do the 
ſame. This is the Fact. 


EXPERIMENT I. 
PREPARATION. 


A BALL of Metal, the Capacity of which was ex- 
eactly meaſured, and which was thin enough to be 
flexible, was entirely filled with Water, and ſtopped 
up in ſuch Manner as that none could be loſt at the 
Orifice; it was applied to a little Prefs, as is repre- 
ſented at Fig. 5. | 


® Treatiſe of Optics, I. 2. Part 3. Prop. 8. 


Error; 
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EFFECTS. 


WHEN the Preſs was made to act upon it, the 
Ball of Metal being compreſſed, became a little flat; 
and as we went on to preſs it, the Water made it's 


way through the Pores, and appeared upon the Sur-. 
face in little Drops like thoſe of Dew. 


EXPLANATIONS. 


Ix is a Matter of Demonſtration, that a Spherical 
Capacity, when the Surfaces are equal, includes more 
Matter than any other. It follows then, that if a 
Veſſel of this Figure be full; it cannot loſe it, but 
one of theſe two things muſt happen. Either it 
muſt increaſe in Surface to preſerve the ſame Capa- 
city, or what it contains, muſt be condenſed by di- 
miniſhing it's Volume, When the Water begins to 
paſs through the Metal, the Ball is found to be a 
little flattened 3 but meaſuring it's Capacity, we find 
it to be the ſame as before the Experiment began: 
We muſt therefore conclude, that this flattening is 
owing only to the Ductility of the Metal, and that 
the Volume of the Water was not ſenſibly diminiſhed 

under the Preſs. | 
Lon d Bacon, Mr Boyle, and ſome other Philoſo. 
phers, having attempted to compreſs Water in Boxes 
of Metal, have thought they found Marks of it's 
Compreſſibility; but it is very likely that what they 
perceived, 
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perceived, was owing to the Flexibility or Elaſticity 
of the Metal, or elſe to that of ſome Bubbles of Air, 
which were Indloſed 1 in the Box 2 the Water. 


« « - 414 44" 
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* EXPERIMENT, n. 


foe eyoy 


Is Fig. 6. ABCD is a very thick Glaſs Tube, 
which is three Lines Diameter withip, is ſeven Feet 
high, and is crooked at the End, likea Hook. At 
ficſt a little Quickſilver: is poured in, Which fills 
the 'Curvature, and which comes to a Level at B C. 
The Part CD is filled with Water, the Tub is ſtopt 
perfectly and ſubſtantially at D, and then QuickGl- 
ver ig pourcd into the Branch * till it e e 
ly full. . | | 


EFFEcTs. 


Tur Column of Water, which is between C and 
D, oppoſes the Preſſure of the Quickfilver with fo 
much Reſiftance, that it does not ſenfibly dimiaifh 
in OR. 


EXPLANATIONS. | N 


. 


Wir ſhall make it appear, whed es fea 
of | Hydreftaticks, that the Preſſure exerted. by the 
{Mercury againſt. the Water in C, is equal to the 
"Weight'of the Column contained in the Part AB of 
CIT 193137 the 
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the Tube. But this Column of Mercury, which is 
about 6 Feet 10 Inches high, is equal to three times 
the Weight of the Atmoſphere, which riſes to a yery 
great Force. And ſince it is not ſufficient to con- 
denſe ſenſibly the Volume of Water, againſt which 
it acts; tis a Proof, that the Parts of Liquids arg 
very hard, and that the Subſtances in this State, arg 
but little flexible, 


APPLICATIONS. 


ALTHOUGH in the Experiments we have now 
produced, the Water gave no perceivable token of 
Condenſationz yet we muſt not conclude from 
thence, that Liquors are abſolutely incompreſſible, 
but only that they are able to reſiſt all the Attempts 
that have hitherto been made to compreſs them. 
Every thing inclines us to believe, that at laſt they 
would yield in a ſenſible Manner, if it was poſſible 
to expoſe them to greater Degrees of. Preſſure ; and 
that they yield even to thoſe\we now make Uſe of, 
but in a Quantity which is too little to be perceived. 
All ſolid Bodies are compreſſible, becauſe they are 
porous, and therefore. their Parts may approach 
nearer to one another. And what elſe is a Liquor, 
but a Collection of little ſolid Bodies, which we may 
conſider as ſimple Subſtances, or rather as little Maſ- 
ſes. compoſed of Parts, which are not ſo cloſely 
united, but that they leave little Vacuities between 
them. If Poroſity makes the greater Bodies capable 

. | * 
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of Condenfation, Ought not the ſame Cauſe to pro- 
duce the ſame Effect in ſmaller Bodies? All that can 
be ſaid is, that Compreſſibility ought to diminiſh 
with the Magnitude of the Bodies ; that is to fay, 
that the leaſt are leſs flexible; that cenſequently the 
Parts of one Liquor, becauſe of their extream Small- 
neſs, are Proof againſt the greateſt Force. But it 
follows from the ſame Principle, that none are abſo- 
lutely incompreſſible, but what are abſolutely ſimple ; 
ſuch as Atoms would be, or the primary Parts of 
Bodies, upon which our Experiments can take no 
hold. 

Ir is for our Advantage, that whatever is liquid 
can reſiſt ſuch Preſſures, as would batter and bruiſe 
other Bodies. Whatever we draw from Vegetables 
by Expreſſion, as Wine, Cyder, Oils, Sc. would 
never ſeparate from the ſolid Parts that contain them, 
if the Liquids could be compreſſed as well as the 
Solids. Fruits committed to the Preſs, would only 
change their Volume. The Eaſineſs that we find 
in extracting the Juices, which Nature has there 
prepared for our Uſe, is almoſt wholly owing to 
the Reſiſtance, that n oppoſe to deing com- 
preſſet. 

WI cannot but be ſurprized when we A 
that the ſame Body is compreſſible or not, according 
as à greater or leſſer Degree of Heat changes it's 
Condition. A Piece of Ice exhibits Marks of Com- 
preſſion. Let it be reduced to Water, and it is fi ill 
the ſame Matter, but is no longer / compreſſible. 
Was, Sulphur, Metal, Cc. ſhew the fame thing, 

when 


when they are made to paſs from a State of Solidity 
to that of Liquidity, This Phznomenon is of ſome 
conſequence, and deſerves well to be explained. 
But the Misfortune is, we can only offer a Conjec- 
ture; yet it is a Conjecture founded upon known 
Principles, which makes it very probable. 
W may affirm, that the natural State of 2 
moſt all Bodies is to be ſolid. When they become Li- 
quids *tis becauſe a foreign Matter makes them ſuch, 
by penetrating their inward Parts, and either by 
their Quantity or Action, by giving a relative Mo- 
tion to thoſe Parts, which breaks all their Conne- 
Xion, and almoſt all their Adheſion to one another. 
'Tis thus that Clay, ſoaked with a ſufficient Quan- 
tity of Water, becomes a Mud, which runs upon an 
Malined Plain. Water itſelf ceaſes to be Ice, as ſoon | 
as a more ſubtile Fluid, known by the Name of the | 
Matter of Fire, penetrates it in a ſufficient Quantity, | 
and gives it Motion enough to looſen it's Parts from | 
one another. | 
Now if a Reaſon ſhould be aſked, why ſolid Bo- | 
dies may. be compreſſed, and Liquors have not the 
ſame Property ? May it not be anſwered with ſome 
Probability, that in the firſt the Parts ſtand upon an 
uncertain Foundation, or are only ſupported by a 
Fluid without Action, which gives way at the leaſt 
Shock; whereas in Liquors, the Particles being more 
divided, and for this Reaſon being already leſs flexi- 
ble, are ſupported by a Fluid in more Abundance, 
the Parts of which are ſo much the harder as they 
ate more ſimple, If we ſhould put into a Veſſel, a 


] | 
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certain 
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certain Quantity of little Balls of Steel, or of any 
other Matter of equal Hardneſs, they would not ſen- 
ſibly yield to Compreſſion, whether they were alone, 


provided they touch, or whether they were mingled 
with others that are ſmaller, which would hinder 


them from touching; ſuppoſing that theſe laſt were 
ane, inflexible. See Fig. * 


? 


EXPERIMENT III. 


PREPARATION. 


Urox a Table of black Marble which is very 
ſmooth, and ſmeared lightly over with Oil; from 
the Height of two or three Feet, at ſeveral times, 
and in different Places, is let fall a little Ball of Ivory, 
which may be about three Quarters of an Inch in 
Diameter, See Fig. 7. 


EFFECTS. 


Br looking obliquely upon the Marble Tble, 
wherever the Ivory Ball has touched it, we ſhall 
perceive a round Speck, about two Lines in Diame- 
ter ; which Speck will be greater in thoſe Places 
where — Ball has fallen — 


Foot ns 54 er 
Ivory, tho? very hard and firm, yet is a com- 

preſſible Matter. When it falls upon the Marble, 
LY; the 
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the Motion of it's Weight, which urges it; ocoa- 
ſions a Preſſure, which puſhes a greater or leſs Part 
of this little Sphere towards it's Centre. And as theſe 
compreſſed Parts are of a Nature to reſtore them- 
ſelves again in an Inſtant, there remains no Mark of 
this Compreflion upon the Ball, but the Speck 
which appears upon the Marble, is an inconteſtable 
Proof of that flattening, which now difappears. If 
we ſhould chooſe rather to ſay, that the Marble funk 
down and reſtored irſelf immediately; this equally 
proves the CompreMſibility of a very hard Body. 
Probably both of them happen; the ſame Compreſ- 
ſion may pit the Marble, and flatten the Ball. But 
of theſe two Effects, the latter is doubtleſs the moſt 
conſiderable, whereby to judge of the Nature of theſe 
two compreſſed Bodies. Wherefore we ſhall adhere 
to the latter by way of Preference, and what we 
ſhall now ſhew, that the round Speck inconteſtably 
proves the flattening of the Ball, abſtracting from 
the Flexibility of che Marble, would like wiſe oblige 
us to admit the pitting or ſinking of the Marble, it 
we had no = to che Compreflibility of the 
Se | 

+ Tis known that the Circumference of a Cirde, 
when it's Convexity is applied to a Right-Line, 
touches it but in one Point G, Nx. 9. *Tis conceived 
alfo, chat ſpherical Surfaces are compoſed of circular 
Lines, as 'Plains are of right Lines, and that the 
Surfaces have the ſame Reſpect to one another as the 
Lines, that compoſe them have; if the Circle 


wochen the Tight Line but in ene Point, the Tvory 
r Ball 
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Ball in our Experiment, if only ſet down upon the 
Marble Table, would touch it likewiſe but in one Point. 
When it was let fall, if it appears that ic applied it- 
ſelf to the Marble according to a circular Surface of 
two Lines in Diameter, we muſt neceſſarily allow, 
that the firſt Point of touching, g, Fig. 9. has ap- 
proached nearer to the Centre by the Force of Com- 
preſſion, and that after this, the Points round about 
have ſuffered the ſame diſplacing: This has given 
way for a ſenſible Portion of the Surface to apply it- 
ſelf to the Marble, and to leave an Impreſſion there 
upon the flight Coat of Oil, with which it was 


APPLICATIONS. 


Ir a Body is compreſſed equally through the whole 
Extent of it's Surface, provided it be compreſſible, 
nothing can follow but a Diminution of it's Volume ; 
becauſe all the oppoſite Points ſubmit to equal 
Powers, and their reſpective Situations continue the 
ſame. Such is the State of an Animal that lives in 
the Air or in the Water: Being ſurrounded on all 
Sides by one of theſe two Fluids, they are not ſenſible 
of their Preſſure, tho? it be conſiderable z becauſe it 
makes an Equilibrium with itſelf, and diſplaces no- 
thing of that, which is expoſed to it's Force, But if 
the Compreſſion ſhould be greater on one Side than 
on the other, it's Effect would be no longer confined 
to diminiſh the Volume ; the Figure alſo would, be 

| * changed, 
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changed, as may be perceived by the Fall of a Ball 
of Lead upon a hard Body, which then would looſe a 
Part of it's Sphericity : Or, by throwing a Hand - 
Ball againſt a Wall, which often leaves ——— 
Footſteps of it's $ flattening, 


Of the Elafticity, or Springineſs of BODIES. 


Or all Bodies, that are compreſſed, ſome continue 
in the State that the Compreſſion has made them 
aſſume ; that is to ſay, they, that have changed either 
Magnitude or Figure, remain in this Change, even when 
their Compreſſion is over : As the Ball of Lead, which 
continues flattened after the Fall; and a Snow-Ball, 
which remains in the Form, which has been given: 
by the Hands, that ſqueezed it up. Others, on the 
contrary, reſtore themſelves, and, after having been 
compreſſed, they re- aſſume the ſame Dimenſions, and 
the ſame Figure, which they had before. Such is 
the Ball of Ivory of the foregoing Experiment; and 
ſuch is a Bubble of Air, which riſing from the Bot- 
tom of a Veſſel full of Water, becomes greater, as it 
riſes higher towards the Surface- 

Bopits of this laſt Kind, are called Elaſtic, or 
Spring y Bodies. For Elaſticity is nothing elſe but 
that Endeavour, by which certain compreſſed Bodies 
ſtrive to reſtore themſelves to their natural State. 
This Property therefore ſuppoſes that they are com- 
preſſible; and as Liquors are not ſo in any ſenſible 
Manner, we are to conclude, that if they have any 

4 -  ** G Springineſs 
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ene nne 
viſible. 

LIXZISz all the Bodies that are elaſtic, are not 
ſa in the fame Degree. Some of them hardly reſtore 
themſelves at all, and then, as to Uſe, their Elaſtici- 
ty is looked upon as none at all. This Kind of Bo- 
dies are called Soft, which means only a Privation of 


WWW 


8 in which the Elaſtic Force may be per- 
ceived, re · act more or leſs according to the Hard- 
neſs, Stifneſs, or Diſpoſition of their internal Parts. 
But there ate none, of which we may aſſure ourſelves 
by poſitive Proofs, that their Elaſticity is perfect and 
unalterable. We almoſt always obſerve, that this 
Quality may be loſt or weakened by long Exerciſe, 
'or by a Compreſſion of too long Continuance. A 
Bow, which is. too often bent, or for too long a 
Time, keeps at laſt the Curvature, which, has been 
given it. Hair, Wool, or Feathers, with which 
Houſhold - Furniture is ſtuffed, in Proceſs of Time, 
looſe almoſt all the Conveniance they afforded when 
ſequence of a Springineſs worn out. 
W muſt not therefore promiſe ourſelves Experi- 
ments, that are rigorouſly exact, to eſtabliſh the 
Theory of Elaſticity ; ſince the Bodies, which have 
the moſt of it have not yet enough, or ſo much as is 
neceſſary, to render them perfectly elaſtic. Beſides, 
we cannot operate but in ſome material Medium: 
Tho? we ſhould chooſe the Air, which is the leaſt ſo, 
= +00 
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we have already ſhewu, that it is capable of Reſiſt- 
ance, and we ought to expect, that it will deſtroy 
fome Part of the Effect, tho? ever fo litte. Bur near 
Approaches are fufficient, when there is wanting but 
very little of Exactneſi, and when we are obliged to 
make Abatements for inevitable Obſtacles. Tem- 
pered Steel, and Ivory, have appeared to me as pro- 
per enough for the Effects, by which we are to prove 
what is moſt needful to know about Elaſticity. 
Therefore I ſhall make uſe of them preferably to any 
other Matter, in Experiments of this Kind, But as 
thoſe, which I have made choice of, require fome 
Knowledge of the principal Properties of Motion, 
of which as yet we have ſaid nothing; I thought ir 
beſt to omit them at preſent, and ſo much the rather, 
becauſe they will find a proper Place hereafter among 
thoſe, which we ſhall make uſe of to ſhew the Laws 


of Motion in the Percuſſion of Bodies. 
Tus Arts have employed Elaſticity, to ſo many 
goodPurpoſes, that it would bea long and needleſs Un- 


dertaking to enumerate them here. It will be enough 


to produce an Example or two, by which we may 


judge of the Uſefulneſs of others. 
Ir it is uſeful and convenient to travel at ones eaſe ; 


almoſt all this Advantage, is owing to thoſe Plates 
of Steel, to the Straps of Leather, and to other ela- 
ſtic Bodies, upon which Coaches and Chariots are 
ſuſpended. Without this Precaution, the beſt Poſt- 
Chaiſe, or the fineſt Coach, would be nothing better 
than a Tumbril or Dung-Cart covered and adorned, 


in which one ſhould be miſerably jolted: For, if all 
G 2 that 
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that compoſes the Carriage, were equally inflexible, 
the Diverſity of Motions created, and ſuddenly inter- 
rupted by the Roughneſs of the Roads, would be 
communicated with all their Violence to the Perſons 
riding within. 
Taz Meaſuring of Tins. i is a thing of ſo much 
concern to every Body, that there are few without a 
Pendulum-Clock, or a Watch, and who do not 
look upon it as a neceſſary Piece of Furniture. This 
Kind of Inſtruments, which are to be conſidered as 
a Maſter-piece of Art, are put in Motion by a Spring, 
(Fig. 10.) formed of a Plate of Steel, rolled up 
within itſelf, and lying in a little Barrel, which it 
makes to turn as it unfolds itſelf, the Motion of 
which is communicated by indented Wheels, quite 
to the Pivots or Axis, which carry the Hands; which 
Hands are thereby made to ſhew the Hours and Mi- 
nutes upon a Dial-Plate divided for this Purpoſe. 
We ſhall mention elſewhere, how they have arrived 
to the Art of making the Action of the Spring to be 
nearly equal, during the whole Time that it unwinds. 
For, there is a Difficulty that preſents itſelf at firſt 
Sight; which is, that this Action continually dimi- 
niſhing, as the Spring unbends, the Motion muſt 
alſo retard in all the Pieces that arc governed by it, 
and ſo the Hands would make the Hours, and the 
Minutes, longer towards the End than at the Begin- 
ning. Therefore a Remedy was to be found to this 
Inconvenience, which they have accompliſhed by a 
very ingenious Deyice, of which we ſhall have Oc- 
| caſion 
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caſion to ſpeak when we treat of the Theory of the 
| Leaver, and of the Machines relating thereto. 
Or what Aſſiſtance are Springs in the Buſineſs of 
Gunnery ? By what other Means could fuch quick 
Motions be procured, and fo hard to be perceived by 
a Bird, or by a Quadruped, which Nature has taught 
to be upon the watch againſt every thing that threa- 
rens it's Life ; and which defears the Craft and Dex- 
tery of the ableſt Sportſman, by Organs of an exqui- 
fite Senſe, and by an Agility, which often defies his 
Purſuits? The Trigger of a Gun, directed by a 
Spring, ſtrikes in an Inftant, a ſharp Flint againſt a 
little Piece of tempered Steel. The Fire catches the 
Powder, and the Bullet, driven by it, ſmites the 
Animal, before it has had any warning, either by the 
Flame or the Sound ; or at leaſt before it can make 
any Advantage of that Warning. 

Nor only the Arts have made good Uſe of the 
Elaſticity of Bodies, and have made commodious 
Applications of it ; but they have alſo found Means 
producing it, or of increaſing it, in ſuch Bodies as 
have little or nothing of it. 

ALL ſonorous Bodies muſt be ſpringy, as we 
ſhall prove more at large after our Experiments upon 
the Air. *Tis for this Reaſon, that they make Bells 
with Copper and Pewter melted together. For it 
has been obſerved, that mixed Metal is harder, and 
ſtiffer, and more elaſtic, than the ſimple Metals of 
which it is compoſed. 

Taz Generality of Metals, even without Allay, 
wu capable of a greater Re- action when they are 

w_ | 3 | hammered 
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22 CO cold: This the Workmen call Caſe-har-. 
77M * „. This is eaſily perceived by the Veſſcl itſelf. 
7 24 a' Spoon, or Fork, bas only been caſt and 
filed, and owes nothing to the Hammer, the Fa- 
ion of it is not ſo dear ; but then it is leſs durable: 
+». » | >» The Piece is cracked with the leaſt Violence, and it's 
©: 14 Poliſh is never fo neat. A Workman ſkilled in 
ord gat Clock -Work, in Mathematical Inſtruments, in 
hu wiſh Goldſmichs Work, Sc. never fails to caſe-harden 
his Work, not only to give it more Solidity, but 
alſo to make it more valuable by a more ſhining Po- 
liſh, in bringing the Particles nearer together, and 
making the Pores of the Metal more cloſe. 
Bur of all the Bodies, of which the Springineſs 
is increaſed by Art, there is none more remarkable 
than Iron converted into Stee] ; and among the 
different Proceſſes made uſe of for this Purpoſe upon 
this Metal, nothing is comparable to Tempering. 
HRE I muſt inform you, frft, that Steel is not 
2 particular Metal; it ſhould be conſidered as Iron 
prepared; and tho there are Mines that ſupply it 
immediately, the moſt common and the fineſt, is 
that which is made with forged Iron, by introducing 
into it, a certain Quantity of ſaline and ſulphurious 
Parts, which increaſe it's Hardnefs, and make it fit 
to be tempered. Secondly, to temper Steel, is to 
cool ir ſuddenly, the very Moment it is taken red- 
hot out of the Fire; and this is commonly done by 
plunging it into cold Water, or into ſome ſuch like 
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Tut chief Effects that reſult from the Temper- 
ing of Steel, and from which the Arts receive the 
greateſt Advantage, are to render it very hard; to | 
increaſe it's Elaſticity, and to make it durable. All 
ſharp and cutting Tools, even to thoſe made Uſe of 
for cultivating the Earth; in a Word, from the 
Lancet down to the Spade ; all owe their principal 
Merit to this Hardneſs, which coſts fo little, and 
which would be hurtful, if carried to Exceſs ; if they 
did not take care to moderate it by a Degree of Heat, 
which comes after Tempering, and which they call 
Softening or Annealing. 

Txt admirable Effects of giving Steel this Tem- 
per, have juſtly raiſed the Curioſity of the moſt able 
Philoſophers. All of them have wiſhed to know the 
Cauſes of it, and ſome have ventured to explain them. 
But it muſt be allowed, that no Body has given ſo 
probable an Account of this Matter, and fo well ſup- 
ported, as M. de Reaumur. After a Series of Expe- 
riments of many Years Continuance, he ſuppoſes 
that the Action of the Fire, drives out of the Middle 


of the Particles of the Steel, a great Part of thoſe 
Salts and Sulphurs, which are there concealed ; yet 


without making them totally to forſake the Maſs. - 
Which Suppoſition is founded upon the common and 
known Effects of Fire, and upon Experience. For, 

we know by other Means, that in the melting of 
heterogeneous and fixed Matters, the Fire always 
cauſes a Union of like Parts. And when it's Action 

is increaſed to a certain Point upon the Steel, it robs | | 
it of it's Sulphurs and it's Salts, which Workmen 

| G 4 call 
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call burning it. The tempering then takes hold 
of the Steel, at a Time when it's Principles, tho? the 
tame, are found differently mixed together. Before 
it is hot, the ſaline, ſulphureous, metallick, Sc. 
Parts, being extreamly comminuated, and intimate- 
ly mixed together, compoſed a Whole of a more 
uniform Contexture, but yet more heterogeneous, as 
to it's. Particles; becauſe every one equally pertook 
of three or four Sorts of Matters, which enter into 
the Compoſition of Steel. But after a ſufficient De- 
gree of Fire the Salts, and the Sulphurs, being ex- 
trafted and rolled up, as we may ſay, ſeparate from 
the - metallick Parts, make a Whole which is more 
homogeneous, as to it's Particles; but more porous 
and leſs connected, as to the Aſſemblage of theſe 
little Pellets of different Kinds. This Hypotheſis, 
if to be called one, explains very happily all the 
Phenomena belonging to the tempering of Steel. 


For, 
I, 2 when broke, appears to be of a coarſer 


Grain after it has been tempered ; becauſe the little 
metallick Parts, which, are the more apparent, on 
account of their Colour, are collected into little 
Maſſes, more at a Diſtance from one another. 

2. Tux Temper gives more Volume to the Steel 
than it had before. And this ſhould be ſo; becauſe 
it fixes it in ſuch a State, whercin the Mixture and 
the Union of it's Principles are leſs. 

3. Tux Steel hardens by being tempered ; becaulc 
it's Particles are formed of more ſimilar Fam. and 


n this * more capable of uniting. 
. 
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4. HakxDzNEDp Steel, breaks ſooner than that which 
is not hardened, or is leſs hardened 3 becauſe the Ad- 
heſion of it's Particles between one another is leſs, 
ſince they are of unlike Matters, and touch one ano- 
cher by ſmaller Surfaces. 
5. LasTLy, Softening makes tempered Steel leſs 
brittle and more flexible ; becauſe a moderate De- 
gree of Fire, partly produces an intimate Mixture 
of unlike Parts, and makes it take a- middle State, 
between that of Steel not tempered, and Steel tem- 
pered to Exceſs. 
Al r RHo' we have Proceſſes chat are certain for 
increaſing, diminiſhing, and taking away the Sprin- 
gineſs of ſeveral Bodies; yet for all that we do not 
know any better the Cauſes of Elaſticity in general. 
Whatever has yet been contrived to give a Reaſon 
for it, can at moſt paſs for Conjectures only, ſome 
of which have been viſibly confuted by Experience : 
Others ſuppoſe the thing in Queſtion ; laſtly others, 
which are more ingenious than probable, have no 
Facts to recommend them. 
Io fay that a Spring, which is ſtretched by bend- 

ing it, has it's Pores more open on the convex Side, 
may indeed be true. That the Pores tho? more open, 
are not yet open enough to fill themſelves with the 
groſs Air, and that they continue empty, this may 
ſtill be probable ; but to add, that in Conſequence of 
theſe little Vacuities, the Preſſure of the Air, which 
acts on the oppoſite Side, is the Cauſe of the En- 
_ deavour, which we ſee the Elaſtick Body to make, 


er it's firſt State; this is what Reaſon does 
not 
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dot aſſert, and which Experience expreſily denies, 
For Elaſticity performs all it's Functions, as well in 
a Plate deprived of the groſs Air, as elſewhete. 
Lear that ſuppoſing what is iti Queſtion, to at- 
tribute the Springineſs of Bodies to the Air, which 
they contain within their Parts as ſo many little Balls, 
which find themſelves compreffed in the concave 

Part of 4 Staff, which is bent, and which re- act till 
it is ſtruit again. For it will ftill remain a Queſtion, 
bat is the Cauſe of the Springinſs of the Air? 
LasTLy, If with the Change of Figure, which 
is made in the Pores of a Spring when bent, we ſup- 
poſe the Action of 4 Fluid, which is every where, as 
the Materia ſubtilis, or ſomething like, which acts by 
irs Weight, we may form an Explication which will 
have ſome Likeneſs of Truth. But I doubt much 
whether it will be admitted, if it is not ſupported by 
— and I cannot fee how ſuch can be found, that 
will ſpeak to the Purpoſe. 

Wuar we have faid in the foregoing Lecture, 
and in this, concerning the Diviſibility of Bodies, the 
Subtilty of their Parts, the Variety of their Figures, 
their Impenetrability and Poroſity ; engages us, and 
puts it within our Power, to explain in general after 
what Manner we acquire the Knowledge of the Ob- 
jects that ſurround us. For whatever is without our- 
ſelves, would be unknown to us, if it did not make 
preſſion, which aſſumes ſo many different Forms, we 
owe almoſt entirely to the great Minutenefs of the 
Parts, which affect us, w different Figures 

they 
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they acquire. Whatever is material applies itſelf 
eee 
PR I OT 
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A Dixreſton concerning the SENSES. 


ERTAIN Faculties of an animated Body, 
n which it maintains a Correſpondence with 
external Objects, we call Senſes. Theſe are ſo many 
Means that the Creator has furniſhed them with, 
that Animals may be in a Condition of feeding them- 
ſelves, of defending themſelves, of affiſting one ano- 
ther, and of propagating their Kind. For, without 
the'Senſes, they would hardly differ from a Plant, 
which grows in the ſame Place where Nature pro- 
duced it; which withers immediately when it's Nou- 
riſhment fails; and which ſuffers with equal Inſenſi- 
bility, either the Spade which cultivates it, or the 
Knife that deſtroys it. 

Tun Exerciſe of the Senſes, is meerly an animal 
Function ; it belongs as well to Beaſts as to Men. 


It ſeems alſo in this Reſpect, that many Species of 


the Brutes have been better furniſhed than we have 
been. For what exquiſite Smelling have Dogs! How 
ſharp of Sight are ſome Birds of Prey! 


ww. 
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We commonly diſtinguiſh five different Senfes ; 
the Touch, the Smell, the Taſte, the Hearing, and 
the Sight. There are but few Animals, in which we 
may not reckon up ſo many. Poſſibly there may be 
Speries in Nature, that may have ſome other Senſes 
that we know nothing of. But it is with this as 
with all other things, thatare not impoſſible ; we are 
not to admit them without Neceſſity, and without 
Proof. Every Senſe has it's particular Seat in ſome 
Part of the Body, which in this Reſpect is called it's 
Organ. The Ear is the Organ of Hearing, the Eye 
of Seeing; and ſo of the reſt. 


Tno' every Organ is ſenſible, it is not ſo how- 


ever for all Sorts of Objects; for every one has it's 
particular Province. The Ear would direct itſelf in 
vain towards the Light, and the ſharpeſt Sight could 
not perceive the Sound of a Bell. Even tho? the Ob- 
ject ſhould belong to the Organ it affects, the natural 
Senſation. would not take Place, unleſs when the Im- 
preſſion is neither too ſtrong nor too weak. We 
ſhould not diſtinguiſh the Image of the Sun, if we 
ſhould immediately receive his Rays into our Eyes. 
And few Perſons could read a Writing in ſmall 
8— if they had only the Light of. the 


Wu ar is it then ta perceive, or to make Uſe of 

our Senſes ? On the Part of the Animated Body, tis 

to receive upon ſuch or ſuch an Organ, the moderate 

Impreſſion of an Object, which affects i it either by 

is{elf, or by ſome intermediate Matter. On the 

Part of the Soul, which animates the Body, *tis to 
recollect, - 
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recollect the Ideas, which it has connected with 
theſe Impreſſions; or to form new ones, if the Im- 
preſſions are new. If a Man, for Example, in open 
Day ſhould caſt his Eye upon a Dog: The Light, 
which illuminates the Body of this Animal, rebounds 
to the Spectator, and ſtrikes a Place at the Bottom 
of his Eye, terminated like the Figure of the Ani- 
mal, which reflects it. On this Occaſion the Soul 
recollects the Idea of a Dog, which is familiar to it; 
and if the Memory furniſhes it with the Idea of ſome 
other Dog, it judges this to be great, little, lean, 
fats &c. by the Comparifon it makes with it. Now 
to know how the Organ affected by the Object, de- 
termines the Mind to think in conſequence of it; 
this 'is what Phyſicks do not pretend to teach us, 
and is (I believe) what exceeds the Limits of our 
narrow Comprehenſions. The Union of the Soul 
and Body ; the Intercourſe of theſe two Beings of 
ſuch different Natures, is one of thoſe Myſteries, 
which perhaps it is more prudent for us to admire 
than to pry into. 

Bur as a Man ſees a Dog, ſo does a Dog fee a 
Man: And his Actions as well as ours, ſeems to be 
regulated by what he ſees, by what he underſtands, 
Sc. Therefore ſhould it be aſked what paſſes in this 
Animal, when an Object affects any one of his 
Senſes? This would be another of thoſe thorny Que- 
ſtions, wherein our Curioſity is diſappointed, and 
upon which the moſt inquiſitive Genius's, have in 
vain exhauſtcd all their Philoſophy. According to 
the Doctrine of des Cartes, a Beaſt is nothing 2 
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but a fine Machine, all the Pieces of which are ſo 
well matched, and ordered with fuch perſect Correſ- 
pondence, that one of them being moved by the ex- 
ternal Object, that has hold of it, immediately de- 
termines the reft to move in ſuch or fuch a Manner. 
The Nerves of each Organ being touched as they 
ought, tranſmit to the Members their different Mo- 
tions, whence ſuch or ſuch an Action is the reſult. 
This Thought is grand; and bold; it is even perſuaſive 
when one conſiders it without Prejudice. But it 
-/,,- would: weaken it to build it's Probability upon Ex- 
Awe! 3 zraples or Similitades/ An Oyſter or a Snail, which 
Er Beings ſeem to be the moſt infirm, 


beyond Compariſon much above the moſt perfect | 
Watch, or whatever elſe Art can produce that is 
moſt ingenious. The loweſt of Mankind, can never 
be perſuaded to look upon the Actions of a Horſe, 
a Hound, Sr. as the Refult of a Mechaniſm, which 
is purely material. To have a Reliſh for this Phi- 
lofophy, one muſt be but very ltd of a Philo- 


ſopher. 
Wirnour doubt we than rather chooſe to be- 


Heve, that the Body of a Brute, is animated and go- 
verned by an intelligent Being, which begins to live, 
and dies with it, and which is the Principle of all it's 
Thoughts, and of all thoſe Judgments, of which we 
think we ſee” Indications in the ſeveral Actions of | 
"Animals. This Opinion is neither contrary to Rea- | 
fon, nor to the Doctrines of Religion, and has found I 
| Patrons, and ſtill finds them to this Day; and that 
1 * the Volgar, who judge only from 
Appearances, 


1 
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the Author of Nature bas made them ſuch, by 
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Appearances, but even among ſuch as think, and 
who entertain no Opinions till after they have 
thoroughly examined them. 

Bur it muſt not be thought, that u taking this 
Side of the Queſtion, we are put above all Difficul- 
ties. When we confider the Docility of a domeſtick 
Animal; the Craft and Subtilty of certain wild Beaſts 
of Prey ; the Regularity and Induſtry, that prevails 
among certain Kinds of Inſects, which live and la- 
bour in Society; it is very convenient to account for 
it by ſaying, That all theſe Animals are intelligent, 


incloſing in their Bodies a Soul, which is of a Kind 
ſuitable to their Condition. Now if this Soul is 
immaterial, as is pretended, what becomes of it? It 
has been lately obſerved ®, That after a certain Worm 
has been cut into five. or ſix Parts, and often more, 
every Portion continues to live, and becomes again 
a compleat Animal, and in all things like to that, 
which had been divided. Was there then ſeveral 
Souls in the ſame Individual; or elſe that which is 


not Matter is it diviſible > We will not urge this 


Queſtion any farther, in a Work in which all meta- 
phyſical Enquiries are prohibited: But we willapply 
ourſelves wholly to what may be cleared up, and proved 
by Experiment and; Obſervation. As to the Matter 
in hand. we. ſhall confine. ourſel ves to explain the 
Mechaniſm of our Senſations. We will trace the 
external Object, or it's Action, to the Put of the 


© M. 4 Reaumge'sHiltory of Inſt, Tom. VL fr. 1 3% 
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Body appointed to receive it's Impreflion ; and let us 
ſee what are the neceſſary Conditions, in the Object 
to be actively ſenſible, and amn to be effec- 
nn affected. 


The TOUCH. © 


Tux chief, and the moſt general of our Senſes is 
the Touch z we may ſay, that all the reſt are only 
the Species, of which this is the Genus, When we 
hear the Sound of the Voice, or of any Inſtrument, 
this Senſation is nothing elſe but a tremulous Motion, 
excited at a certain Part of the Ear, by the Contact of 
the Air, which itſelf is agitated by the ſonorous 
Body. When we ſee any Object, *tis becauſe the 
Light, which proceeds from that to us, ſtrikes upon 
the Bottom of the Eye. Thus to Taſte, to See, to 
Hear, to Smell Odours, properly ſpeaking, are to be 
touched in ſuch or ſuch a Part of the Body, by a 
certain Matter. Whereas the Touch, which we con- 
fider as- the firſt Senſe, conſiſts in receiving, upon 
any whatever ſenſible Part of the Body, the Impreſ- 
fion of any Matter whatever. The other Senſes have 
their Organs, and Objects that are proper to them; 
this poſſeſſes the whole Habit of the animated Body, 
and is extended to whatever is palpable. Beſides it 
has this Advantage over them, to be at the ſame time 
both Active and Paſſive. For it not only puts it in 
our Power to judge of what makes an Impreſſion 
upon us, but likewiſe of what reſiſta our Impulſions. 
— Sr and it is by 

Contact 
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Contact or Handling, that we uſually inform our- 
ſelves of the Condition of thoſe Bodies without us, 
which it concerns us to know. 

THz Bodies that we touch, or which touch us, 
make different Impreſſions upon us, according to 
their Magnitude, Figure, their Conſiſtence, the De- 
gree or Kind of their Motion, their Temperature, 
Sc. And to all theſe different Manners of Touching, 
different Names have been given, which expreſs ei- 
ther the Action of the Bodies upon us, or our Action 
upon them. To frrike, to prick, to pinch, to 
Scratch, to Tickle, &c. are ſo many Expreſſions, 
which ſhew what different Bodies make us feel, in 
conſequence of their Maſs, their Form, or their 
Manner of moving. Cold, hot, hard, ſoft, dry, 
moiſt, commonly denote the Senſation, which is 
excited in us, by a Matter, which we handle, by the 
actual Condition of the Parts, which compoſe it's 
Maſs. As the Senſations of Touching may vary ad 
infinitum, either by the Variety of the Object itſelf, 
by the Extent and Diſpoſition of the Organ, and by 
the different Manners by which one is applicable to 
the other ; we are very far from being able ta charac- 
terize all by proper Names, | Thoſe, which we have 
mentioned, and many others, which we omit, are 
only (as we may ſay) generical Terms, by which we 
make known, with the aſſiſtance of ſome Circumlo- 
cutions, the different Species that may be reduced to 
them. By Tickling, for Example, we denote what 
we feel in the Throat, when a ſlight Acrimony pro- 

VOL. I. H vokes 
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vokes us to cough. Likewiſe we ſay, that a Me- 
dicine- pinches or gripes, to declare that it makes 
ſtrong Impreſſions upon the Parts which it affefts. 
Tuo the Object of the Toweh is generally without 
us, the different Parts of the ſame Body act recipro- 
cally upon one another, both without and within. 
When the Hand touches the Foot, it creates two 
Senſations, It is at the fame time the Object of one, 
and the Organ of the other, As to what paſſes with- 
in, and without Interruption, the Habitude deprives 
us of the Senſation of it. For Example ; the Action 
of the Fluids upon the Solids does not become ſenſible, 
but when it brings ſome Change to the natural State: 
And then we feel what we call Nrarineſi, Weakneſs, 
or Pain. 
WI may ay in general, that iq every, Organ, the 
Nerves are the moſt eſſential Part; that in which the 
Action of the Object is terminated, and after which 
we can no longer perceive any thing that is mecha- 
mcal. The Bottom of the Eye, where Viſion is 
compleated, is only an Expanſion of the optick 
Nerve. The Lamina Spiralis of the Cochlea, which 
is looked upon as having the greateſt ſhare in the 
Functions of the Ear, is a Compound of nervous 
Fibres. And the Organ of the Touch is found thro' 
the whole Extent of the Skin, and eſpecially at it's 
external Surface; where it is known that all the little 
' Nerves are terminated, which form the greateſt Part 
— el <p UG IS 
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Now of which form Ridges towards the Extremities 
of the Fingers, where the Touch is generally more 
exquiſite than elſewhere. A ſkillfub Anatomiſt “, 
has lately given us a very conciſe and intelligible De- 
ſcription of the Skin, in a Work wrote profeſſedly 
on the Senſes ; the reading of which, I think, wil) be 
very uſeſul to thoſe, who defire upon this Subject 
more ample Diſcourſes than what can find a Place 
-Wrar proves beyond Diſpute, that the Nerves 
have a greater Share in the Touch than any other 
Part, is becauſe this Senſe exerts it's Functions more 
or leſs perfectly, according to the actual State of 
thoſe little nervous Tufts, which we may perceive 
at the Superficies of the Skin, and which are covered 
only by the Epidermis, Fig. 11. If a Burn dries 
them up, if any foreign Matter covers them, if too 
great” Cold contrafts them, or hinders them from 
ſpringing out; the Part where this happens loſes 
it's Senſe, and does not recover it till theſe Accidents 
are removed. The Diſtempers of the Nerves, which 
do not go ſo far as to deſtroy their CEconomy, are 
alſo the more ſevere ; becauſe they immediately attack 
the Organ of Senſations. The Lethargy and the 
Palſy, which ſuſpend or ſtop their Functions, gene- 
rally cauſe Inſenſibility. 

AecciDzNnTs, Diſeats, old Age, often deprive 
6 We often ſee . 


„. 4 Cars Treat ef the Senſes, p. 20) 
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deaf Men, and People whoſe taſting and ſmelling 
are almoſt quite worn out: But it is very rate to 
find a Man, who is univerſally inſenſible. We ſhall 
ſoon perceive the Reaſon of it when we conſider, how 
in Compariſon of the organical Parts, which repre- 
ſent them to us as ſonorous, coloured, favoury, or 

odoriferous. The Extenſion: of the Touch is there- 

fore a Refuge, which Nature has provided for thoſe, 
who, by any Accident, or vicious Diſpoſition, : ſhould 
find themſelves deprived of their other- Faculties. 

Thus we ſee blind Men, who ſupply the want of 
Eyes by their Touch; and tho' the Touch be no- 
thing near ſo delicate, as the other Senſes; yet when 
it is made Uſe of out af meer Neceſſity, and made 
more perſect by Habit, it performs Wonders. But 
would not warrant the Truth of all the Stories that 
are generally related on this Occaſion; for when any 
thing approaches near being wonderful, it . 
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Ass the Growth and Support of Animals depends 
on the Nouriſhment they take in, and of the Choice 
they make of it:; it was convenient that Nature ſhould 
form them in ſuch a Manner, that they themſelves 
auld deſire their ures Aliments, and diſtin- 
. Is > guiſh 
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guiſh ſuch as were fitteſt for them. It was neceſſary | 
they ſhould feel the need of eating, and that they 
ſhould take Pleaſure in ſatisfying it. For without 
this Precaution, the Care of living would have been 
a Burden. Let us judge of it from ourſelves. Were. 
we only to diſcharge a Duty when we ſit down to eat, 
it muſt be allowed, that Indigeſtions would not be 
fo common, and perhaps we ſhould ſee many People 
die for want of feeding themſelves. The Author of 
Nature has foreſeen this Inconvenience, and to pre- 
vent it has put Motives within ourſelves, which pre- 
vail more powerfully with us than our own Lazineſs 
can do. A faſting Stomach urges us by Hunger and 
Thirſt; and the Mouth, which gratifies theſe two 
Appetites, makes itſelf amends by the Savours which 
it taſtes, for the Trouble it takes in preparing the 
Aliments for Digeſtion. 

Tax Taſte conſiſts then in perceiving the Im- 
preſſion of ſavoury Matters, and in receiving or re- 
jecting them, according to the Ideas, which they 
cauſe to ariſe, and the Judgments, which are formed 
from them. 

SAvoOuRS, which are the Objects of the Taſte in 
general, proceed chiefly from the ſaline Parts, which 
are found in all Matters whether Animal or Vege- 
table; which we take either as Food or Phy ſick. 
Theſe little angular pungent Bodies are fitter than 
others to penetrate even to the immediate Organ, 
and to make themſelves perceived there. We may 
judge of them, by putting a Grain of pure Salt 
5 H 3 upon 
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upon the Tongue, of any Kind whatever, where 
it will make a very ſtrong Impreſſion. And-their 
Analyſis diſcovers, that of all mixt Bodies, 'thoſe 
that affect the Organ moſt, are ſuch as abound mot 
in Salts. 

Wi know but a very ſmall Number of Salts that 
are eſſentially different, or of which the Parts divided 
by Water ſhew themſelves under Figures, which are 
conſtantly different. Thence it follows, that the 
Senſations of the Taſte would be but little diverſified, 
if the ſaline Parts contained by the Aliments were to 
act alone, and without Mixture upon the Organ. 
But Nature has mingled them with other Principles, 
which are not ſavoury of themſelves, which only 
act as Objects of the Touch in general, and of which 
the Number and Quantities, may be combined ad 
infinitum, Water, Earth, Air, Sulphur, Oil, are 
ſo many inſipid Matters, which Nature has formed 
as an Ingredient into almoſt every thing, that ſerves 
for the Nouriſhment of Animals. The Mouth in 
bruiſing theſe Aliments ſupplics a Lymph, which 
promotes the Diſunion of the Parts, and which lays 
open their Principles. But this Diſſolvent has not 
fo much hold upon ſome as upon others. The Sul- 
Phur and the Oil, for Example, do not ſubmit to it's 
Action, which the Earth and the Water do. So 
that the ſaline Part never diſengages itſelf but imper- 
fectly, e 
which OT united to it. 


Tur 
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Tux moſt ſimple Savours, and upon which Men 
are more generally agreed, are thoſe wherein the Salts 
are the leaſt mitigated by the Mixture of other Mat- 
ters. Every Body knows what it is to be /a, ſour, 
ſeeet, bitter, harſh, &c. Theſe different Senſations 
are ſo remarkable, that they are preſently diſtinguiſh- 
ed. They are as it were the Baſis of all others, which 
become ſo much the more difficult to deſcribe and 
expreſs, the more they recede from this primary Sim- 
plicity. The Bitterneſs of Coffee, for Example, 
corrected by the Sweetneſs of Sugar, produces a mixt 
Senſation- The Juice of Fruits mingled with Spirit 
of Wine, takes a new Taſte. - The Taſte of Victuals 
changes almoſt entirely, and is diſguiſed a thouſand 
different ways, by that infinite Number of Prepara- 
tions and Mixtures, which Daintineſs has made an 
important Art, and which has been much cultivated 
in our Age. 

Ir is with the Object of the Taſte, as with that of 
the Touch, Mixt Savours depend on certain Prin- 
ciples, the Aſſemblage of which is capable of infinite 
Combinations, ſo that it is impoſſible to mark them 
all by particular Names. They are expreſſed by 
comparing them to ſome Savour that is more ſimple, 
or better known. Thus we ſay, Such a Fruit is 4 
little tart, or bitter. Such a Fiſh has the Taſte of a 
Pike, &c. 

As to the Organ of Taſte, all Anatomiſts have 
agreed, that it is chiefly in the Tongue. A great 
many of them think, that it is through the whole 

H'4 | inſide 
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inſide of the Mouth, and many extend it as far as 
the Gullet, or even to the Stomach. It is hardly 
poſſible to reſtrain it to the Tongue alone. Every 
one may know from his own Experience, that ſa- 
voury Matters make themſelves perceived, tho' more 
faintly, at the Palate and the Bottom of the Mouth. 
But what determines the Queſton is this, that People 


SO, have been known who had no Tongue, and yet taſted 
cn 0 "their Food.“ 


* 
Fro yu HE alſo the n 


4 auc />/{thoſe Nipples we mentioned before, are the imme- 


but! diate Organ of Taſte, But whereas for the Sen- 
//-4 ſation of touching they are ſmall, and covered over 
by a pretty ſmooth Skin of ſomething of a cloſe 
at he Xturez in all the Parts of the Mouth where they 
1 | Sar bleed, and eſpecially in the Tongue, Fig. 12. 
ho ST, 7 they are bigger, leſs compact, and as it were ſet into 
en 2 or Sheath very porous, and watered by a 
Lymph which keeps them ſupple, and puts the 
u <4" #{avoury Parts of the Aliments in a Condition to touch 


Hat & them, which is neceſſary to make it perceived. For 
Hed unit divides it, it unfolds it in ſuch a manner, that 
See jt gives it the degree of Tenuity, proper to inſinuate 

1 itſelf through this very porous Skin, that covers the 


little nervous Tufts, _ which the Impreſſion is 
to be made. 


Memoirs of the Academy, for 1718. p. 6. 
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Taz Organ of Taſte may be ſpoiled and worn 
out as well as others, by a too immoderate Uſe of 
it's Object. The ſtrong Savours, ſuch as ſpirituous 
Liquors, and thoſe high-ſeaſoned Ragoùts ſo much 
in Faſhion at this Day, much diminiſh the Senſibili- 
ty of thoſe Parts, which are often to undergo the 
Impreſſion of them. Experience teaches us, that the 
ordinary People, who accuſtom themſelves to drink 
Gin or Brandy, find Wine too infipid for them, and 
therefore do not regard it. We know on the con- 
trary, that Drinkers of Water have generally their 
Taſte more nice and exquiſite than others. This Li- 
quor, which has hardly any Savour, preſerves the 
Organ in it's full Senſibility, becauſe it is not capable 
of altering the Texture of it. Diſeaſes or old Age 
may alſo create a Diſorder in this Part. At the be- 
ginning of a Recovery from Sickneſs it oſten hap- 
pens, that we have no Taſte for our Food; becauſe 
there ſtill remains ſome vicious Humour, that choaks 
up. the Pores, through which the ſavoury Particles 
ought to paſs ; or becauſe ſome preceding Accidents 
have cauſed an Alteration in the Organ itſelf, which 
is not yet returned to it's natural State, But I have 


inſenſibly paſſed the Boundaries of my Undertaking ; | 
and it belongs to Phyſick and Anatomy, to ſupply 
what may be farther added ; though poſlibly I have 
already ſaid but too much, | 
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We SMELLING. 


Tas Smelling, to which we aſſign the third Place 
among the Senſes, when we begin with thoſe, which, 
in Appearance, are the moſt groſs; yet may be 
reckoned in the ſecond Place, if we have Regard to 
For it's Functions often precede thoſe of the Taſte. 
What is offered us to eat or drink is hardly admitted, 
till it is Grſt examined and approved by this Senſe. 
And Animals which have their Touch neither fo 
familiar nor ſo nice as we have, by the Uſe of their 
Noſe determine about the Quality of their Food, 
eſpecially when it is new to them, and when they 
cannot diſcem any outward Reſemblance to what they 
have been accuſtomed to. There is ſo great an Affi- 
nity between the Taſte and the Smell, as well in re- 
ſpect of the Object as the Organ, that ſome Anato- 
miſts have conſidered the latter as a Part or Supple- 
ment to the former. And indeed we fee, that what- 
ever is friendly to one, naturally pleaſes the other. 
One is tempted to put to one's Mouth, ſuch Matters 
as exhale agreeable Odours, unleſs we know other- 


wiſe that it has hurtful Qualities. And if it happens, 
that any cuſtomary Food diſpleaſes our Smell ; either 

Habit, or ſome powerful Motive muſt prevail over 
that 
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that Repugnance that will not fail to ariſe, without 
which we ſhould deny ourſelves the Uſe of it, upon 
the ſole Teſtimony of our Noſe. 8 

As the Inſide of the Noſe communicates with the 
Mouth, .it often bappens, that the Senſations of the 
Taſte are connected, and as we may ſay confounded, 
with thoſe of the Smelling. This Effect happens, 
when the Savours are ſpirituous and volatile. And 
thence again proceeds a prodigious Variety of Senſa- 
tions, according as the Smell has a greater or a leſſer 
Share therein. When it partakes a little too much of 
it, as it's Organ is more ſenſible than that of the Taſte, 
this loſes it's Right for a Moment, and the whole 
Senſation belongs to the Smelling. Who is a Stran- 
ger to what happens, when we take a Doſe of Muſ- 
tard a little too large; or when we drink too deep of 
ſtrong Beer? | 


IT appears that the principal Object of the Smell- 
ingare Volatile Salts, and that the Variety of Odours 


proceeds from the Mixture and the Quantity of other 
Principles, that are conjoined with them. For the 
fixt Salts are not able to apply themſelves to the Or- 
ganz and whatever is not falt in mixt Bodies, tho? 
it may be volatile, ſeems inſipid to the Smell as well 
as to the Taſte. We obſerve, on the contrary, that 
whatever promotes the Evaporation of the Matters 
wherein volatile Salt abounds, whatever opens their 
Principles, alſo makes them more odoriferous. 
When Meat is dreſſing, the Action of the Fire di- 
vides the Parts, ſubtilizes them, and puts them in a 

2 State 
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State of Exhalation, and then the Scent becomes very 
ſenfible. When we mingle Sal Ammoniac in Powder 
with Quick-Lime, or with Salt of Tartar, the urinous 
volatile unfolds, raiſes itſelf, and ſmells very ſtrong. 
Fox the ſame Reaſon Fermentation, or Putrefac- 
tion, always make thoſe Matters ſmell very ſtrong, 
which in their natural State ſmell very little, or no- 
ching, and they generally change the Quality of the 
Odours. For theſe inteſtine Motions, give occaſion 
to the Parts to diſplace one another, and to diſunite. 
If this Diſun ion does not go fo far as to decompound 
the little Cluſters, and to change the Nature of the 
Mixture as it begins to ferment ; it becomes only 
more odorous, becauſe it exhales in a greater Quan- 
tity; But if the Prineiples themſelves, which com - 
poſe the integral Parts, come to ſeparate, not only 
the Odour becomes ſtronger and more penetrating, 
becauſe the Organ will be affected by more fubtile 
Parts; but the Senſation alſo will be of another Spe- 
cies, becauſe it will be excited by Corpuſcles of a dif 
ferent Structure, wherein the ſaline Part, which is 
the principal Agent, will be more or leſs abundant, or 
more or leſs opened. Fruit as it grows rotten, Fleſh 
when 1t corrupts, exhale Odours more and more dif- 
agreeable, not only becauſe they are ſtronger, but alſo 
becauſe they become more FROG, the fartheg the Cor: 


ruption proceeds. : 
Ovovons are ſtil] leſs to be deſcribed and charac- 
terized than Savours themſelves. We are hardly a- 
greed on any fundamental Senſations of this Kind. 
| We 
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We content ourſelves with reducing thoſe that are 
leſs known, to thoſe that are more ſo.; as to the 
Fume of Sulphur, to that of burning Linnen, to the 
Vapour of Urine, to the ſmell of a Violet, of Citron, 
of Amber, Sc. without apy Pretenſion however, 
that theſe different Exhalations are ſimple Odours. 

Ix muſt needs be, that the Corpulcles; capable of 
moring the Organ of Smelling, are ſuſceptible of a 
prodigious Diviſibility. We may judge of it by the 
Experiment, and by ſome Obſervations, which we 
have produced in the firſt Lecture “, to prove in ge- 
neral, to what an immenſe degree Bodies are diviſible. 
Theſe little exhaled Parts float in the Air, and *cis 
this Fluid that carries them to the inward Parts of 
the Noſe, where the Organ is ſituate ; when by Reſ- 
piration we determine it to paſs this way. 

Tu: internal Part of the Noſe is covered with a 
Membrane, which Men of Art call Pituitary, *Tis 
a Texture compoſed for the moſt Part of the Fibres 
of the olfactory Nerve, which is generally acknow- 
ledged to be the Subject of Odours: Theſe nervous 
Fibres, terminate at the Superficies of the Mem- 
brane, in the form of little Nipples, upon which the 
Impreſſion of the odoriferous Corpuſcles is made. 
See Fig. 13. This in ſhort, is the Organ of 'Smell- 
ing; a longer Deſcription would be improper here. 
Thoſe who would be inſtructed more at large, will 
find i it much to cheir Satisfaction in the Trexiſe of 


and third Experiment. 


NI. t 
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M. * Cat, which we have quoted above; alſo in 
M. Winflow's  Anatomicat Explanations, and elſe- 
z too frequent Uſc of them, harden (as we may ſay) 
the little nervous Tufts to which they are applied, 
and make them loſe that delicate Senſe, which thoſe 
Perſons enjoy, who abſtain from the Uſe of Snuff 
and Perfumes. We may alſo lofe for a Time the 
-Uſe of this "Senſe, when there is = fuperabundant 
Humour, or when it is too thick, which inſtead of 
moiſtening the Organ as much as is neceflary, to 
keep it ſupple and ſenſible, choaks and ſwells up it's 
whole Subſtance. For then it not only ceaſes to be 
in it's natural State, and well diſpoſed to diſcharge 
it's Functions; but the Air, which paſſes with Diffi- 
culty, does not carry with it the ſame Quantity of 
Odour. This is whar we find, and is eaſily obſerved, 
in that Indiſpoſition which is called a Defluxion from 
Wr ſhall ſay nothing here about the Hearing and 
the Sight, - becauſe we ſhall have Occaſion to explain 
the Mechaniſm of theſe two Senſes, when we come 
to treat of Sounds and of Light. It remains only to 
finiſh this Digreſſion, by ſome Remarks which may 
ſtill be made, upon the Senſes in general conſidered 
1. Txo* according to the Intention of Nature, 
every Individual of our Species ought to make ſuch 
Uſe of his Senſes as they were given him for; yet 
it is not to be doubted, but that all theſe Faculties 
1 = 
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Too much Light hurts our Eyes, ſuch as they are 
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are not in * —*— of N in al 
Men. | 
Tunatibgwe bas flap? whe Suilkog wes 
exquiſite. as. that of Hounds. Others could diſtin- 
guiſh Objects in Places ſo obſcure, as that People of 
ordinary Sight could not perceive them. Some 
Epicures find in Ragotits and Liquors ſuch different 
Flavours, as eſcape the Obſervation of common 
Palates. Such a Degree of Perfection in the Senſes, 
when it is not at the Expence of ſome other Advan- 
tage more valuable, ought to be looked on as one of 


Nature's Bleſſings, But that the Senſibility of our 


Organs ſhould' be within Bounds, and that our Sen- 
fations ſhould not have the utmoſt Extent they might 
have had, is not a Misfortune to us, and we have no 
Reaſon to complain of it. On the contrary, a much 
greater Delicacy of the Senſes than is commonly 
found, would expoſe us to many Inconveniencies, 
unleſs at the fame Time a Reformation was made in 
the Objects which have been uſed to affect them, and 
that we ſhould alſo change our Manner of thinking. 


now, If they were more nice, an ordinary Bright- 
neſs would be always too much for them, and we 
ſhould never ſee without Pain. Would it be agree- 
able always to fee Objects in the Manner we fee them 
through » Microſcope? The fineſt Skin would chen 
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appear 
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appear nothing elſe but a rough Tegument, every 
= full of Blotches and Wrinkles. - And the 
brighteſt: Diamond would ſhew- us only ill-prepared 
Faces, and without Beauty ot Symmetry. And this 
Reftexion may caſily be applied to the a 10 
Senſe. 4 20% ae gig 
= ir often happens in che Uſe of che Senſes, hit 
Wanne be een wech de Gficieady aA by the 
Oh ject, yet the Senſation has not it's Effect in reſpect 
of the Mind. How oſten does it happen, that one 
may have his Eyes open upon an enlightened Object, 
and yet not ſee it? Or that one may ſpeak: loud 
enough to a Perſon that is not deaf, and yet he may 
dot hear us? All the Bodies that touch us, or which 
we touch by Chance, do they therefore come to our 
Cognizance? Tis becauſe in order to know what 
touches us, we muſt ſeel it. In order to hear, we 
muſt bearken. In order to ſee, we muſt behold. 
But to feel, to hearken, to behold, is not only to 
ſuffer the Obje to act upon the Organ; it is to join 
the Attention of the Mind, to the Exerciſe of the 
Senſe which is in Function. An abſent or unatten- 
tive Man often behaves like a deaf, blind, or inſen- 
ſible Man. Who is it chat does ode know the ER. 
of Abſence of Mind ?. | 
=_ | "ns eee 
excite; our Ideas, and theſe Ideas are agreeable or 
diſpleafing to the Soul that conceives them. But 
what is more remarkable is this, that the ſame Ob- 
n * and is\diſagree- 
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able 
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able to others. Some Perſons love Bitters, but the 
greateſt Number abhor them. Certain Odours pleaſe 
theſe, and are inſu le to thoſe. This is what 
has given Occaſion to common Maxim, That 
there can be no Diſpute Taſtes. But ſtill far- 
ther: That Senſation which gave me Uneaſineſs 
ſome Years ago, is now become pleaſing to me. Such 
a Man ſhewed Diſguſt in drinking Beer, or in taking 
Tobacco for the firſt time; afterwards it became his 
Delight. The Scent of Muſk, which was all the 
Faſhion formerly, now gives a Man the Head-ach. 
Are not the Organs nearly the ſame in all Men? And 
in the ſame Individual, are they liable to _— from 
Time to Time? 

As it is a thing well known, that the organical 
Parts are more delicate in ſome Perſons than in 
others, and conſequently more ſuſceptible of Im- 
preſſions; and that the immoderate Action of the 
Object may be hurtful to them; it may thence hap- 
pen, that what is only an ordinary Senſation for ſome, 
may be for others a violent Irritation, troubleſome 
and diſquieting to the Soul, which watches for the 
Preſervation of the Body, and which is diſguſted at 
every thing that has a Tepgeacy to diſorder the ani- 
mal CEeconomy. 

Bur it muſt be owned, that the Imagination has 
as great a Share as any other Cauſe in all theſe Va- 
rieties. Objects pleaſe us, or give us Diſguſt, ac- 
cording to the Ideas we have connected with them. 
And theſe Ideas depend much on Habit, on the 
Faſhion, and on Prejudices. We have heard it ſaid 

VOL. I. I by 
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by People whom we thought Men of Taſte, that ſuch 
a Matter, while burning, produced a good Odour, 
This is enough to make us like it when we try it. 
When we firſt ſaw Oyſters, our Eyes would poſſibly 
give us but a diſagreeable Repreſentation of them; 
but by little and little theſe firſt Ideas grow weak, 
and yield to others more pleaſing, which we con- 
ceived upon taſting them. Thus as our Senſations 
partly depend on the Diſpoſition of the Organ, the 
Judgments which follow them are much influenced 
by the Diſpoſitions of the Soul. | 
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8 Yew lth & es 
Of the Mobility of Bodies; of Motion, of it's 
Laws and Properties. | 
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SECTION I. 
Of the Mobility f BO DIES. 


E muſt not confound Mobility with 
ien; theſe are two Things en- 
1 tirely different. The firſt is a Pro- 
d perty common to all Bodies; the 
other is a State out of which they are often con- 
ſidered, and which is not eſſential to them. I ſome- 
times repreſent to myſelf ſuch or ſuch a Matter as 
being at Reſt, but I always conceive it may receive 
the Motion it has not at preſent. | 
a © Moz1Liity 
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Mos1L1ty is founded upon certain Diſpoſitions, 
which are not found in the ſame degree in all Bodies. 
What makes ſome have more Mobility than others 
is this, that we need apply leſs Force to make them 
paſs from Reſt to Motion. The chief of theſe Diſ- 
poſitions are Figure, Smoothneſs of Sur face, and the 
Quantity of Matter contained under the Volume of 
the Body we intend to move. 

To conceive this with caſe, let us decker to 
ourſelves firſt two Maſſes of Glaſs, Ivory, &c. of 
equal Weight, one of which is a Cube, the other a 
Bowl, both ſet upon a Table. Theſe two Bodies 
will only differ in Figure; but this will be ſufficient 
to make the laſt much more apt than the firſt to re- 
ceive and preſerve Motion. Let us now give them 
the ſame Figure, without changing any thing in 
the Equality of their Maſſes. But let us only con- 


ceive, that the Surface of one is uneven, and that of 


the other ſmooth. This Difference will make this 


Body more mobile. For leſs Force will make it 
move upon a ſolid Plain, or in a Fluid. Finally let 


us-ſuppoſe the two Bodies alike as to Figure, and in 


the Poliſh of their Surfaces, but diffcring as to their 


Quantity of Matter; one for Inſtance a Ball of 
Ivory, the other of Lead, both of the ſame Diame- 
ter, ſuſpended alike, or ſet upon the ſame ſtrait 
horizontal Plain. Muſt not this latter be ſtruck 
with more Force in order to move it, than the 
other? Or the ſame Force being impreſſed on each 
of them, will it not find leſs Reſiſtance in the lighter 
ay | in the heavier ? 


TuIs 
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Tu is Reluctance to Motion, which we perceive 
in all Bodies, having Reſpect only to their Maſs, is 
called the Force of Inactivity. It is, as well as 
Gravity, proportional to the Quantity of Matter 
belonging to every Body. But though theſe two 
Forces have this in common with each other, yet 
we cannot ſay they are the ſame Thing; for there 
are Proofs to the contrary, Gravity, as we ſhall ſee 
afterwards, always exerts it's Action from above 
downwards, and as far as it may perpendicularly to 
the Horizon. But the Force of Inactivity or of 
Sluggiſhneſs, reſiſts Motion which ever way we at- 


tempt to move a Body. 
To attain to a juſt Idea of this Sluggiſhneſs, 


let us repreſent the Experiment propoſed by 
Sir Iſaac Newton. Fig. 1. Let us conceive a Body 
of a determinate Magnitude and Weight, for Ex- 
ample, a Ball of Lead of a Pound Weight, ſuſpended 
freely by a long Thread in a quiet Air, and another 
like Ball of Lead ſuſpended in the ſame Manner, 
which ſtrikes againſt the firſt with four Degrees of 
Velocity, If the Ball at Reſt gave no Reſiſtance to 
that which ſtrikes it, after the Stroke we ſhould ſee 
them both move with four Degrees of Velocity. For 
why ſhould the Motion diminiſh in the Ball that 
ſtrikes, if it met with no Reſiſtance from the Ball 
that is ſtruck? And why ſhould not the Ball that is 
removed, be removed by the whole Motion of the 
Ball that drives it on? But Experience teaches us 
quite another Thing. The Ball at Reſt receives from 


that which ſtrikes it only a Part of it's Motion; and 
I 3 this 


- 
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this laſt loſes by the Stroke what the other appears to 
have acquired; Therefore a Body at Reſt makes a 
real Refiſtance to that Effort, which endeavours. to 
move it. But farther ſtill. If the Ball at Reſt, Fig. 2. 
weighs 30 or 40 Pounds, the other Ball, which 
has then a much leſs Maſs, with the ſame Effort 
does: not carry it ſo. far as in the foregoing Caſe, 
Let if to move any Body whatever, nothing elſe was 
required but to make it Joſe: it's State of Reſt ; the 
Motion communicated would be the ſame whether 
in a greater or in a leſſer Maſs. Therc fore there is 
ſomething more to be wee ο than a meer Priva- 
tion of Motion. 

Ca it be ſaid, that the Ball at Reſt reſiſts for no 
other Reaſon, but becauſe it is ſupported by the Air 
that ſurrounds it, and which muſt be firſt removed 
before it can change its Place? But firſt, Bodies 
chat are ſtruck in a Vacuum ſhew the ſame thing as 
in the Air; 3 of i dale is 207 2 it is not 
ſenſible. | 

©2SxconDLy, the Reſiftanceof the Air elf Made a 
Part of the preſent Queſtion; for we are treating of 
the Sluggiſhneſs of Bodies in general. If the Air, 
as Matter, gives a Reſiſtance to the Motion of the 
Bodies which endeavour to diſplace it, and this is 
* on, it's Sſuggiſhneſs is proved. 

 Tm1nDLy, if the Refiſtance — hy the Ball at 
Reſt proceeded only from that of the Air, by which 
it is ſopported ; to reſiſt as much again it muſt anſwer 
to a Volume of Air as big again. But the Fact is, 


en it is enough to 1 the Ball; 
and 


© 


% 
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and it is well known, that a ſpherical Solid, in order 
to have a double Maſs, muſt not ET N as 
big again as it had before. | 

Can it be then the Gravity of the ſuſpended Ball 
that can oppoſe itſelf to it's Removal? Of whatever 


Length the Thread is ſuppoſed, it may be ſaid, if 


the heavy Body which it keeps ſuſpended is free, it 
will keep it ſtretched in a vertical Situation, and will 
place itſelf in the loweſt Point which the Suſpenſion 
will ſuffer it to obtain, Whence it follows, that if 
we force it from thence, to whatever Place it is car- 
ried round about, it will ſtill be higher; and to 
carry it thither it's Gravity muſt be overcome, which 
endeavours to keep it where it is. 

Txr1s Objection is ſpecious, but not ſufficient to 
prove, that the Force of Sluggifhneſs and of Gravity 
are the ſame thing in Bodies; if we do but conſider, 
that in the ſuſpended Balls of the Experiments referred 
to, the Reſiſtance is always proportional to the Maſſes 
eſtimated according to their full Value. Whereas the 
Gravity, at the Time of Reſt, is reduced to nothing 
by the Thread which ſuſpends the Ball; and that 


it hardly acts at all when the Ball is put in Motion, 


if the Thread be very long, as we ſuppoſe it to be ; 
and that we only make it deſcribe ſmall Arches. * 

To make this more intelligible, let us ſuppoſe the 
Ball at Reſt-at the End of the String which keeps it 
ſuſpended. Then the whole Effort of Gravity is 


overcome by the Reſiſtance of the Point of Suſpen- 


fion; If we puſh it with the Finger into an Arch of 
z Circle; in Proportion as it withdraws from the 
* 14 Place 


* 
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Place of Reft, we may perceive that it gravitates 
more and more upon the Hand that directs it; fo 
that if the Thread becomes Horizontal, it makes 
it's whole Weight to be perceived. And when we 
guide it in deſcending through the ſame Arch of a 
Circle, we feel the Effort of Gravity to decreaſe pro- 
portionally, till the String becomes vertical, and that 
the Point of Suſpenſion is then loaded with the whole. 
We may conclude then that the Ball in queſtion does 
not reſiſt as it is heavy, but when the Thread is no 
longer vertical, or when it has paſſed from the loweſt 
Place, to another that is higher. This Removal 
then muſt neceſſarily precede the Reſiſtance, or the 
Endeavour, which proceeds from Gravity. But to 
effect this Removal, a real Force muſt be employed, 
capable of overcoming and removing the whole Maſs 
of the Ball. For, if the Force ſo employed is too 
little, it is nevertheleſs a real Force; and yet it has 
not the required Effect upon a ſolid Body, the Parts 
of which are united together. Thus the ſuſpended 
Ball has given a Reſiſtance, which it was neceſſary 
to overcome, before it's Gravity could be per- 
_ ceived. 

Aso Fluids reſiſt as well as other Bodies. When 
a Solid is moved in Water, according to an horizon- 
tal Direction, it cannot be ſaid that the Reſiſtance it 
finds, proceeds from the Gravity of the Medium 
ſince all the Parts of this Medium, which we ſuppoſe 


to be homogeneous, are in Equilibrium with one a- 
nother, and that we have nothing to expect from 
their Weight; ſince we can remove them according 
| - 
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to a Direction, which is indifferent to them; ſuch as 
we have ſuppoſed. 

FiNALLY the Force of Inactivity is diſcoverable 
in Bodies in Motion; as well as in thoſe, which are 
at Reſt. That which moves with only two Degrees 
of Velocity will not receive a third, till a new Effort 
be made, in order to give it this new Degree. The 
ſame Reſiſtance, which oppoſed the firſt Force, 
that took away it's Reſt, it alike employs againſt 
that, which would make an Addition to it's new 
State. Wherefore after having produced the Expe- 
riments which prove the Force of Inactivity in Bodies 
at Reſt; I ſhall add one, which to me appears de- 
ciſive, and which will not ſuffer us to confound the 
Effects of Sluggiſhneſs or Inactivity, with thoſe of 
Gravity, 


EXPERIMENT I. 


PREPARATION. 


Tn Machine, which is repreſented by Fig. 3, at 
the Diſtance of fix Feet high, carries two Ivory Balls 
A and B, each of an Inch and half Diameter, and 
Joined together by a little Piece of Wax. The Ham- 
mer D, which is of the ſame Matter as the Balls, is 
guided by a Spring, which is more or leſs bent; and 
which unbends when the String E is drawn, and 
makes the Hammer ſtrike upon either of the two 


Errors. 
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worn 24 

lr deſi. — N ene an- 
"hay complied. only with their Gravity, as we ſup- 
poſe that they begin to fall at the ſame time, that they 
are alike in every thing, and move in the ſame Air 
it is certain that they muſt arrive together at the 
Plain, which terminates their Fall. But one of 
them having received a Blow with the Hammer, 
which adds to the Effort of it's Gravity, obeys 
likewiſe-this hew\Impulſe, the Effect of which is to 
make it outgo the other. And this Preceſſion is ſtill 
the greater, the ſmarter the Stroke is, which it re- 
ceives from the Hammer. This is now a new Effect, 
which cannot be imputed to Gravity, ſince to pro- 
duce it, à particular Cauſe was applied, without 
which it would not have been, and of which it fol- 
lows the Proportion exactly. Now whatever deſtroys 
an active Force is called Reſiſtance. Therefore a 
Body, which falls freely, reſiſts a Motion, which is 
mare quick than that of it's Weight, and does not 
xeceive it but by another Power, the Action of 
which 8 of all Degrees of more or leſs, / 
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Ir we r 2 Stone with our Hand againſt a Tree 
of a moderate ſize, it will there cauſe an Emotion, 
which paſſes. directly to the Branches; and the Stone 
falls at the Foot of the Tree, without any farther 
Motion. Such a Stone thrown againſt, a Rock 
ſtanding by itſelf, falls back in like manner, 
but we can perceive no Motion communicated to the 
Rock. We ſee immediately the Cauſe of this Dif- 
ference, if we conſider, that whatever is, material 
oppoſes it's Inactivity to the Shock of other Bodies * 
and that this Force, by which it reſiſts Motion, is 
always proportional to it's Maſs. If we ſuppoſe the 
Stone moved ſucceſſively with the ſame Violence both 
-againſt the Tree and the Rock, the firſt having much 
leſs Matter, made too weak a Reſiſtance entirely to 
deſtroy the Force, which urged it to move, and 
therefore was ſomething diſplaced ; which diſplacing 
was made ſenſible by the ſhaking of the Branches. 
The other having a much greater Maſs, made a more 
compleat Reſiſtance, and was therefore, as we may 
ſay, victorious. And the Effort of the Stone being 
diſtributed but to a certain Number of it's Parts, 
was not ſufficient to be extended to them all in 
a ſenſible Manner, or ſo as to move the whole 
Body. | 

W have ſeen above, that a Ball of Lead weigh- 


+ ing one Pound, which hits againſt another Ball of 
the 
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the fame Matter and Weight, gives it a certain 
Quantity of Motion ; and that it gives leſs Motion, 
or to ſpeak more properly, it leſs diſplaces a third 
Ball that weighs 30 or 40 times as much. We con- 
cluded from thence, as we ought, that this latter 
Body, having more Matter, reſiſted more. From 
whence it follows, that the greater the Maſs is, the 
greater Reſiſtance it will make ; and, laſtly, that ic 
may have ſo much, as that the Effort it has to ſuſtain, 
may not ſuffice to be ſenſibly diſtributed into all it's 
Parts. But the Body cannot be removed, unleſs all 
it's Parts remove together. *Tis therefore for this 
Reaſon, that the Inactivity of Bodies preſerves ſome 
ſenſibly at Reft, againſt the ſame Attempt, which 
would put others in Motion, 


SECTION 
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SECTION II. 


Of MOTION in general, and it's 
PROPERTIES. 


E call Motion that State of a Body, when 

it is actually transferred from one Place to 
another, whether we conſider it in the whole, or 
whether we have Regard to it's Parts only. Thus 
the Boat, which we deliver up to the Current of the 
River, is in Motion; becauſe it changes it's Place 
continually. And we cannot deny that the Wings 
of a Wind-Mill move, tho' they turn about in the 
fame Place; becauſe each of them paſſes ſucceſſively 
through all the Points of the Circle, which it 
deſcribes. : 

As often as a Body is moved, it changes it's Si- 
tuation in reſpect of the Bodies that ſurround it, 
either near or far off, A Man, for Inſtance, that 
ſits in a Coach, or is carried in a Boat, changes con- 
tinually his Relation, if not to the Perſons that ac- 
company him, yet at leaſt in reſpect of the ſeveral 
Places he paſſes through in his Journey. 

I Ip 


- 
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Ir I perceive that on my left Hand, which was 
before on my right Hand, I may then conclude with 
certainty, that there bas been @ real Motion 3 but 
this Change of Relation is hot itſelf enough to in- 
form me, whether it be myſelf who have paſſed 
from the Place I poſſeſſed to another. For the 
fame Effect would happen if I had been conſtantly at 
Reſt, if what I had round about me had changed 
it's Place. Whether the Sun goes about the Earth 
in 24 Hours, or whether the Earth turns about itſelf 
in the ſame time, and preſents ſucceſſively all the 
Points of it's Surface towards this Luminary, it will 
be the ſame Thing as to Appearances. And that 
Syſtem which imputes real Motion to our Globe, in 
order to explain the different Aſpects of the Heavens, 
would never have been any thing elſe but a meer 
Hypotheſis, and would have had no Advantage over 
the contrary Opinion, had it not been otherwiſe 
ſopported by ſtronger Reaſons, than the relative Po- 
firions of the heavenly Bodies to the Earth 

Tux are three Things to be chiefly conſidered 
in a moving Body; it's Direction, RY age Log 
the Quantity of it's Motion: 

Taz Direction i is expreſſed by the right Line that 
2 Body deſcribes, or attempts to deſcribe by it's 
Motion. For tho? it, runs through a Space, which 
beſides it's Length has the other Dimenſions which 
it has itſelf ; yet, as if it's Matter were reduced to a 
Point, in it's Direction nothing elſe is conſidered but 
the Path deſcribed by this Point lone. | Therefore 


«1 > 10 
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by naming only two Terms, we ſhew without any 
Equivocation, in what Manner a moving thing is 
directed. As when we ſay, ſuch a River runs from 
Eaſt to Weſt, Such an Otje paſſes frag right to 


left. | 
Waun a Body begins to move, tis always i in A 


right Line, which it continues to purſue as long as it 
can. And when it is obliged to leave it, it begins 
to deſcribe another of the ſame Kind, which it does 
not forſake, but when it is forced to direct itfelf 
otherwiſe z but always in a right Line, as we ſhall 
ſhew afterwards, So that when a Motion is per- 
formed in a curve Line, this Curve is nothing elſe but 
a Succeſſion of little right Lines differently directed. 
The Sling which we make to whirle round in a 
Circle, paſſes through an infinite Number of Direc- 
tions, and the Circle it deſcribes may be confidered 
as a Polygon of an infinite Number of Sides. 

As many different Names are given to the Direc- 
tions of Bodies in Motion, as belong to the relative 
Poſitions of right Lines. We ſay, for 2 
that ſuch a Body moves obliquely, parallelly, perpen 
dicularly, &c. to the Horizon, or to ſuch or ſuch a 
Plain. 4% W rr 3 Caged" 
Horizon when the Wind blows. | 

Tun Velocity of Motion, is known by the Space 
which che Body pale through, und che Tide it 
talces up in paſſing. To have a diſtinct Idea of his 
Velocity, it is not enough to ſay, that a Man has 
travelled ten Leagues; we muſt know ue in 
i Hours he did it. 
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zs Es, when the Queſtion is about relative 


Velocities, it is not enough to compare the Times, 


or the Spaces only, to know in what Ratio the Ve- 
locities of two Bodies are; we muſt divide the 
Spaces by the Times. And if we find, for Example, 
that in equal Times each of them has deſcribed a 
Fathom, we may conclude there was an Equality of 
Velocity. And on the contrary there was an Inequa- 
lity of Velocity, if one of them takes up more Time 
in deſcribing a given Space; or if in a given Time 
it does not deſcribe ſo long a Space as the other. 
The Hands of a Clock or a Watch move round the 
Dial-Plate. They paſs over the ſame Space, but the 
Hour-Hand takes up 12 times as much Time as that 


of the Minutes. The latter then has 12 times as 


much Velocity as the former. Or elſe in taking the 
the Time of 12 Hours for a common Meaſure, we 


ſhall ſee by comparing the Spaces deſcribed together, 


that the Minute-Hand paſſes 12 times through that 
Space, which the Hour-Hand paſſes through but 
once, which comes to the ſame thing as before. 
Trax Velocity of a Body is often confounded with 
it's Motion. If we make a Piece of Cork to turn 
about as faſt again as a Piece of Lead of the ſame 
Volume, it is commonly faid, that the Cork has 
moſt Motion. But this Expreſſion is not accurate, 


and we ſhall ſee quickly, that more or leſs Motion 


does not proceed wholly from the Degree of Velocity. 
Yet even thoſe who are not ignorant of this, ſome- 
times conform themſelves to common Cuſtom ; and 

| | | we 
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we ſay, an uniform, accelerated, or retarded Motion z 
tho* theſe Modifications ought always to be under- 
ſtood of the Velocity of the Motion. * 
Unirorm Velocity is that, when a Body de- 
ſcribes equal Spaces in equal Times. As if a Bowl 
running upon a Plain, ſhould deſcribe one Furlong 
in a Second of Time, another Furlong in the next 
Second, a third Furlong in the third Second, and ſo 
on. So that the Times and the Spaces deſcribed may 
always be equal to one another, We eaſily conceive 
this Uniformity to be poſſible ; but in the natural 
State of Things it is hardly ever to be found, by 
reaſon of the inevitable Obſtacles, of which we ſhall 
diſcourſe hereafter. 
Wi call accelerated Velocity that of a Body, which 
in equal Times meaſures out Spaces that go on con- 
tinually increaſing. Or elſe Spaces that ate equal 
to one another, but are deſcribed in Times that de- 
creaſe more and more. As # Stone which falling 
freely, will go faſter and faſter towards the End of 
the Fall than at the Beginning. | 
Ir on the contrary equal Spaces are not performed 
but in Times that increaſe- more and more; or ſup- 
poſing an Equality of Times, if the Spaces deſcribed 
go on always decreaſing ; this Velocity will be called 
retarded. Such is that of a Ball rolling on the 
Ground, which goes flower and lower till at laſt ir 
comes to Reſt. | 
Tun Quantity of Motion is eſtitriated by the Mak 
and the Velocity taken together ; ſo that by multi- 
plying one by the other, we may exactly know the 
VOI. I. K Ratio 
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quence of this Diſunjon, and which we ſhall ous 
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Ratio of the Motions of the two Bodies we would 
compare. Suppoſe, for Example, that one of the two 
has 100 Grains of Matter, and the other 500; and 
that both of them move with 4 Degrees of Velocity. 
The Quantity of Motion in the firſt will be 100 x 4, 
or 400. And in the other it will be 500 x 4, or 2000. 
Thus theſe two Quantities of Motion compared, 
will be as 400 and 2000. We may eaſily perceive 
the Reaſon why we muſt thus eſtimate the Quantity 
of Motion, when we conſider, that all the Velocity 
with which we make a Body to move equally, be- 
longs to all the Parts of it's Maſs. For if I put a 
whole Body in a Condition of deſcribing a Furlong 
in a Second of Time, I ſhall determine it's Velotity 
by that, but I impreſs this Velocity on all the Parts 
which compoſe this whole Body. So that if after 
the Impulſe received they ſhould happen to diſunite, 
We cannot conceive that any of them will be at Reſt. 
On the contrary we perceive, that all of them equally 


- obeying the ſame Cauſe which has determined them 


to move, they will continue to perform ſeparately 
what they had begun in common; abſtracting how- 
ever from the Obſtacles, which increaſe in Conſe- 


elſewhere. 
: A Bopy in Motion may move then, ns; this 
Faculty is likewiſe relative to it's Maſs and to it's 
Velocity, fo that one of them may be recompenced 
by the other. For that whoſe Maſs is but ſmall may 
make as great an Effort with much Velocity, as the 
* can make with 5 if it has a greater 
© þ _ 1 Mabs. 
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Mafs. With a ſmal} Hammer which ſtrikes ſmartly, 


one may drive the ſame Nail as far as one can with a 


larger Hammer that ſtrikes but lowly. A ſmall 
Stick does not hurt ſo much as a large Cane, the? 
both ſtrike with the ſame Velocity. 
Tut Motion of Body, when it is made Uſe of to 


move others, whether it has only a Tendency to move 


them, or whether it does actually move them, is 
called a Power, or a moving Force. | 
IT has always been thought that this Force, in all 
Caſes indifferently ought to be eſtimated, like the 
Quantity of Motion, by the Maſs and Velocity con- 
junctiy. And indeed, if a Body is urged to move, 
whether it does really move, or whether it is with- 
held from Motion by Obſtacles, we can find no- 
thing elſe in it but it's Velocity, multiplied as often 
as it has ſolid Parts; or (which is the ſame Thing) 
the whole Maſs multiplyed by it's ſimple Velocity. 
And we cannot perceive, either that invincible Op- 
poſitions, or a Liberty of Action, can make any 
Change in the Quantity of Matter, or in the Im- 
pulſe that has once regulated the Degree of it's Ve- 


locity. 
Tur ſeveral famous Philoſophers have embraced 


the Sentiments of Mr Leibnitz, who was the firſt 


that eſtabliſhed a Diſtinction between the moving 
Force, which is overcome by an Obſtacle, and that 
which acts againſt a Reſiſtance that gives way. The 
firſt they call dead Force, and they are agreed that it 
ought to be valued as the Quantity of Motion, by 
AN the Maſs by the ſimple — As to 
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the laſt, which they call live Force, they pretend, 
that to eſtimate it according to it's juſt Value, the 
Maſs muſt be multiplied, not by the ſimple Velocity, 
but by the Square of the Velocity; that is to ſay, by 
the Velocity multiplyed by itſelf. If, for Example, 
the Velocity is 3, it is not by 3 that the Maſs muſt 
be multiplied, but by g, or three times three. Ac- 
cording to this Opinion, a Body which acts againſt 
an Obſtacle, having it's Maſs 2, and an Impulſe to 
regulate it's Velocity at 4, has but 8 Degrees of Force 
while the Reſiſtance remains victorious; but no 
ſooner does this Reſiſtance come to yield, but the 
Force to which it is obedient becomes alive, and 
from 8 mounts to 32, 

Wr may well conclude, that a Philoſopher ſuch 
as Mr Leibniz was, and ſo great a Mathematician, 
was not determined raſhly to introduce a Principle of 
ſuch Novelty, and which appeared to be of ſuch 
Conſequence in Mechanicks. He has even pro- 
claimed it by a pompous Title, which ſhewed his 
Confidence in it ®. And indeed, he has ſupported 
his Theory by Experiments, and by ſuch ſpecious 
Arguments, that we cannot be much ſurprized that 
he has found Defenders, even among the Philoſo- 
phers, the moſt able and the beſt informed. But we 
cannot but obſerve likewiſe, that the greateſt Num- 
ber have rejected this new Doctrine, and look upon 
it as a Paradox, And that after long Examinations, 


- Brevis Demonflratio Erroris memorabilis Carte, et aliorum. 
Act. Lipſ. 1636. p. 161. 
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the greateſt Part have been of Opinion, that we muſt 
rather endeavour to reconcile the Phænomena which 


ſerve for Proofs of Mr Leibnitz's Notion, with the 
Principles that are known and generally admitted, 


than to receive a Novelty which does not ſeem to be 


connected with thoſe clear and diſtin Ideas, which 
we had hitherto of the Motion of Bodies. 

We do not think ourſelves obliged to make a 
Scrutiny into this Queſtion, in a Work wherein we 
propoſe only to eſtabliſh ſuch Principles as are the 
leaſt conteſted, The ſeveral Pieces of this famous 
Diſpute are better laid open than we can pretend to 
do, in many Works alrcady printed and well known. 


I ſhall mention but two, one is the twenty-firſt = 
laſt Chapter of a Volume in Octavo, printed in 1740, 


under the Title of Inſtitutions of Phyſicts; in which 
a Lady, as much to be regarded for her Learning 
as her Birth, has ſet in the beſt Light with the 
greateſt Ingenuity, whatever can be ſaid in favour 
of the living Forces. The other is, A Diſſertation 
upon the Eſftimation of the moving Forces of Bodies; in 
which M. de Mairan, who is the Author of it, 
recites a Memoir, which he had read to the 


Academy of Sciences, in 1728. In this he op- 
poſes the Opinion of living Forces by very ſtrong 


Reaſons; and explains very intelligibly, and upon 
the common Principles, whatever appeared not to 


be capable of it, but by admitting the Principle of 
Mr Leibnits, 


K 3 However 


— . A —  - - 
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However I muſt not omit, (and this is- one 
of the Reaſons, which diſpenſe with me,” for not 
farther inſiſting on this Queſtion) that though the 
Sentiments are divided about the Manner of valuing 
the Force of Bodies in Motion, yet they are perfect- 
ly agreed about the Produce of theſe Forces, and 
about the Effects, that will reſult from them. Thoſe 
who do not receive Mr Leibuiiz's Diſtinction, agree 
however with the Defenders of living Forces, that 
the Effefts are quadruple on the Part of a Body, 
which moves with two Degrees of Velocity, in Com- 
pariſon of that, which has but one. But, ſay they, 
*tis not becauſe 4 is the Square of 2, that this Effect 
follows. *Tis only becauſe the Body, which has 2 
Degrees of Velocity makes an Effort, which is re- 
peated twice as much as that of a Body, which moves 
with one Degree of Velocity. And it muſt be owned, 
that if we make the Conſideration of Time to enter 
into the Examination of the Facts, which are 
brought, as Proofs of the living Forces; we ſhall 
then find ourſelves in the common Road; and the 
Square of the Velocities has no longer a Place for the 
Eftimation of Forces, which are only retarded by 
Reſiſtances, which yield; but to value thoſe, which 
act againſt invincible Obſtacles. 

IT follows from this Conceſſion, and from it's 
Reſtriction, that if the Affair of living Forces be 
not a Queſtion about a Word only, at leaſt it may 
be ſaid, that it is not of ſo great Conſequence in Me- 
chanicks, as it ſeemed to be: And that we may 


eſtimate Ry; nd without any Error in 
P — 
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Practice, the Force of Bodies by the Quantity of 
Motion, that is, by their Maſs and by their ſimple 
actual Velocity, if they really move: And, if they 
are retained by invincible Obſtacles, by their Ten- 
dency to Motion, which is as their Maſs and their 
initial Velocity; that is, the Velocity with which 
they would begin to move, if the Obftacle were oy 
give way. 
- R858T is the State des 15 Melon, 'Tis 4 
fore the State of a Body, which perſeveres in the ſame 
Relations of Situation, with the Objects that ſurround 
it whether near or a-far off. I ſay near or a-far off to 
ſhew, that we are here concerned about abſolute 
Reſt : And that we do not conſider as ſuch, the State 
of a Body which is carried away with whatever fur- 
rounds it; as a Man, who travels with three other 
Perſons in the ſame Coach. For, though he may be 
at Reſt relatively, and in Reſpect of thoſe that ac- 
company him; he is not ſo in Reſpect of external 
Objects. 

Var this Kind of Reſt, which we have now ex- 
cluded,” is perhaps the only one, which we ought to 
admit, to ſpeak rigorouſly ; for if the whole Globe, 
that we inhabit, turns continually about it's Axis, 
and at the ſame time deſcribes an Orbit about the Sun, 
as it is very probable z there is no Body upon it's 


Surface but what partakes of the Motion, which is 


common to all it's Parts. And if any thing appears 
to be at Reſt, *tis only relatively to other terreſtrial 
Objects. But as whatever ſurrounds it in this Re- 


ſpect is extended as far as our whole Sphere; when 
K 4 we 
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we only compare terreſtrial Bodies with one another, 
we may conſider, as abſolute, the Reſt of that Thing, 
which. does not change it's Situation in reſpect of 
the: 2:i: 1d 

- ReswT has wot it's Degrees as Motion has, unleſs 
when we confound it with the Force of Inactivity. 
It is always as much as it can be. But it may hap- 
pen, and what is very common, that a Body may be 
at Reſt if conſidered as a Whole, and yet it's Parts 
may be in actual Motion. A Block of Marble, 
which is expoſed to the Heat of the Sun, does not 
change it's Place, but all it's Parts are in Agitation. 
For all Naturaliſts agree, that one of the chief 
Effects of Heat is, to put in Motion the Parts of the 
Maſs, upon waned i it acs, 


SECTION 
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SECTION, IL 


Of the Lows — MOTION. 


— eee certain general Rules, 
according to which all Bodies are conſtantly 
moved, when they comply with any moving 
Force. 

Sturrx Motion is, when a Body complies with 
one Force only, or which tends but to one Point 
alone, Such is that of a Man who glides in a Right- 
Line upon a Canal of Ice: Or that of a heavy Body, 
which it's own Weight makes to deſcend along a 
Line perpendicular to the Horizon. Such a Motion 
is the Effect of a ſingle Impulſe, or of ſeveral, which 
ſucceed one another in the ſame Direction. | 


The firſt Law of STMPLE MOTION. 


Evzxy Body, which is once put in Motion, continues 
to move in the Direction, and with the Degree of 
Velocity it has received ; if it's State is not changed 


Tris 
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Tuis is as much as to ſay, that if the Body de- 
parts from the Right-Line which it has once begun 
to gaſeribe z if it's Velocity is either accelerated or 
remitted ; theſe Changes muſt proceed from ſome 
particular Cauſes, which determine it otherwiſe, 
which add to, or which retrench from it's Motion, 
without which the firſt Cauſe would not ceaſe to have 
it's full Effect. For why ſhould it's State ſuffer any 
Change? The Force of Inactivity, which kept it at 
Reſt as long as it could, and which was to be over- 
come in order to put it in Motion, makes it after- 
wards reſiſt any Variation as much as it can. And 
this Refiltance muſt again be overcome by ſome 
politive Force, before we ſhall find any Degree of 
more. or leſs in the State of the Body. 

Bur why ſhould Nature make itſelf a Law, which 
is never to have an Effect? Or rather, How can we 
aſſign to Bodies in Motion, a Conſtancy of Direction 
and Velocity, which does not repreſent Nature as 
ſhe appears to be? Has any one ever ſeen a Motion 
without Alteration, and which makes itſelf perpetual 
without a Neceſſity of being renewed ? A Body the 
moſt in- Motion, and the. moſt violently agitated, 
does it not at laſt come to-Reſt, after ſome deter. 
minate Time? 

Ir muſt be owned that we have not any Experi- 
ment in our Power, that can prove in a dire& and 


poſitive Manner, whe: "is declared in this firſt Law 
of Motion. 14 


4 3 is - * _ ” # + 


Bur 
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Bur firſt we have ſhewn above, that whatever 
State a Body is in, it endeavours to continue in it, 
by what we have called the Force of Inactivity. 
This Principle ſuffices to eſtabliſh the Law in Que- 
ſtion ; becauſe by abſtracting from all foreign Re- 
ſiſtance, when once a Body is in Motion, we can 
ſe nothing in it to reſiſt the Impulſe it has received, 
nor that can deſtroy that Inactivity, which with- 
ſtands a Change of it's State. 

SECONDLY, if it be true that Bodies always loſe 
their Motion after a certain Time, it is not leſs true, 
that we always know the Obſtacles, which make 
them loſe it. And becauſe that inevitable Reſiſtances, 
(tho* foreign to them) make the Motion of Bodies 
to ceaſe; would this be a Reaſon to conclude, that 
Motion is of fuch a Nature as never to be able to 
ſtop ? Ought we not rather to judge quite the con- 
trary, even upon this very account, that there is 
abſolute need of poſitive Reſiſtances to make it ſtop ? 
Let us fee then what theſe Cauſes are, which make 
Motion to ceaſe ; and let us chooſe ſuch by way of 
Preference, which are ſo conneRed with the State of 
Nature, as that they cannot be avoided. | 

Fiss, In whatever place, or in whatever Manner 
we make a Body to move, it is always found in ſome 
Fluid, which in this Reſpe& is called a Medium, 
which it is continually obliged to puſh before it, 
to make itſelf a Paſſage. And as this Medium is 
material, it gives a continual Reſiſtance to the Body, 
. which endeavours to diſplace it. The Body then 

| | cannot 
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cannot continue to move, but by uſing at every 
Inſtant a Part of it's Motion to overcome this Re- 
ſiſtance. Thus after a certain Time it muſt have 
uſed it all, and find itſelf reduced to a State of 


Reſt. 
SzconDLY, All Bodies being heavy, none of 


them can move in a Direction different from that, 
which is proper to it's Gravity, unleſs it is ſuſtained 
by Suſpenſion, or by a Plain; or that it ſwims in 
ſome Fluid, which touches it on all Sides. In what- 
ever Manner we conſider it, it muſt always neceſſa- 
rily paſs through the different Points of the Surface 
of the Plain that it deſcribes, or of the Medium that 
it penetrates z or that the Pieces, which ſuſpend it, 
ſhall do the ſame thing one over the other. This 
ſucceſſive Application of Surface to Surface is called 
Frifion, and gives Reſiſtance to Motion. For, the 
Surfaces of Bodies are never perfectly ſmooth. The 
prominent Parts of one fink into the Cavities of the 
other, which makes them glide not without ſome 
Difficulty. 

Tax Reſiſtance of Medioms, and that which 
proceeds from Friction, are Cauſes therefore which 
will hinder the firſt Law of Motion from having it's 
due Effet, For, being inevitable in the State of 
Nature, Reſiſtances will reſult from them, which 
will indiſpenſably deſtroy a Part of the Velocity of 
Bodies at every Moment. 

No Engine then that we in Mares can ever 
exert the whole Motion it has received, upon the 
Obſtacle a to overcome; ſince the Cauſes 
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we have now mentioned will neceſſarily conſume a 
Part of it. As it is of ſome Conſequence to know 
how much of it is left after this Deduction is made; 
we ſhall now proceed to lay down here what is chiefly 
to be conſidered, when we would make an Eſtimate 
of the Reſiſtances that ariſe from Friction, or from 
Mediums, 


Arien 
Of the RESISTANCE of MEDIUMS. 


Mzp1vums, tho' they are fluid, yet they reſiſt 
like other Bodies by their Inactivity, which ſtruggles 
againſt being removed out of it's Place. But this 
InaQtivity, as we have ſaid before, is always propor- 
tional to the Maſs. All other things being alike, the 
more Denſity the Medium has, the more Reſiſtance 
it muſt give. 

But the Maſs of Bodies does not depend on their 
Denſity: alone, but alſo on their Magnitude. For, 
a Pint of Water weighs more than half a Pint of the 
ſame Water. So that the ſame Medium, in like 
Circumſtances, reſiſts in Proportion to the Quantity 
that is diſplaced ; and this Quantity ſhould © be 
meaſured by the anterior Surface of the Body in Mo- 
tion, and by the Space, which we make it paſs 
through. If I divide the Air or Water by the Palm 
of my Hand, I ſhall diſplace more at every Inſtant, 
7 than 
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than if I divided them in an equal time by the Edge 
of my Hand; and I ſhall alſo find more Re- 
Tur Maſs of this Portion of the Medium to be 
removed, being determined by it's Denſity, and by 
the Magnitude of the ſolid Surface that puſhes it; it 
muſt be ſo alſo by the Velocity of the Body. For it 
is eaſy to conceive, if I make my Hand to move in 
the Water the Length of two Feet in a Second, I 
ſhall diſplace a greater Quantity of the Fluid, than 
if in the ſame Time my Hand had only moved the 
Space of one Foot. But a greater Quantity of Water 
makes a greater Maſs, which has a greater Reſiſt- 
ance; and the Inactivity has a greater Velocity to 
oppoſe, as it oppoſed itſelf to the firſt Degree, which 
we made the yielding Fluid to aſſume. The follow- 
ing Experiments will prove what we have now ad- 
vanced, concerning the Reſiſtance of Mediums, and 
will clear up what we have faid about them. 


EXPERIMENT I. 
PREPARATION. 


Anu of a Trough or Tray is divided into two 
equal Parts, by a Partition, which reaches from End 
to End; fo that Water may be put on one Side, and 
the other Side is left full of Air only. A Pillar with 
a Bracket on each Side is raiſed from the middle of 

I: 4 the 
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the Partition, on which are ſuſpended two equal 
Rods; and at the Ends of theſe are faſtened two Balla 
of Metal, which are alike both in Weight and Vo- 
lume, and which when put in Motion may paſs and 
repaſs, each i in it's proper Part of the Veſſel. See 


Fig. 4. 


EFFECTS. 


TE two Balls depart each at the ſame time, with 
equal Quantities of Motion; that, which moves in 
the Water, loſes it's whole Velocity in 4 or 5 Se. 
conds : Whereas the other, whoſe Vibrations are 
made in that Part of the Trough, which contains 
only Air, preſerves it's Motion for a long Time, and 
does not entirely loſe it till * a very great Number 
of Vibrations. 


EXPLANATIONS. 


Tux two Balls being of the fame Metal, and 
having equal Volumes, as is already ſuppoſed, will 


neceſſarily have equal Maſſes : And when they begin 


to deſcribe like Arches at the Ends of the two equal 
Rods, their Velocities are alſo equal, as we ſhall ſhew 
afterwards, Wherefore ſince their Motion is to be 
meaſured by their Maſſes and Velocities, the two 
Balls in our Experiment begin to move with an 
equal Quantity of Motion. At the firſt Inſtant 
each of them removes an equal Volume of it's 


reſpeRive Fluid; . 


% 
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by F is about 800 Times denſer than the Air diſ- 
placed by G. Theſe two Bodies therefore have 
exerted their Forces upon very unequal Reſiſtances, 
fince they are in the Ratio of 1 to 800 Thus the 
Ball F could not go on till it had conſumed a Part of 
it's Force, which is 800 Times greater than what the 
Ball G loſes of it's Force. And what is done in the 
firſt Inſtant begins again in the next; and the Ve- 
Jocities of the two Bodies diminiſh in ſuch Manner, 
that their Difference is nearly proportional to that of 
the Denſity of the Mediums; till at laſt they are both 
reduced to a State of Reſt. 


APPLICATIONS. 


Sik Iſaac Newton has demonſtrated, that if a 
ſpherical Body moves in a Medium at Reſt, the Den- 
fity of which is equal to it's own ; it would Joſe half 
it's Motion before it had deſcribed a Space equal ia 
Length to two of it's Diameters. If we do but re- 
collect the Principles before cftabliſhed, and which 
we have now confirmed by the foregoing Experi- 
ment, we ſhall eaſily conceive how to reduce to an 
eract Calculation, the Reſiſtance that a Fluid can 
make to the Motion of a ſolid Body immerſed there- 
in. For, ſuppoſe it to be a Ball of Gold, which moves 
in Water in a Right Line; what it diſplaces, is equi- 
valent to a Cylinder, the Baſe of which has ſor the 
. wich 

| xis 
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Axis the Line deſcribed by it's Centre, The Den- 
ſities of Gold and of Water are known; tis alſo 
known what is the Relation of a Sphere to a Cylinder, 
of a Diameter and Altitude given. All theſe Quan- 
tities being therefore known, we may judge of the 
| Reſiſtance that the Water makes to the Ball, while 
it deſcribes ſuch or ſuch a Space. And by comparing 
what it has loſt of it's Velocity to what it had when 
it began to move, we may judge of what ſtill remains 
to it. 

Wr have already ſaid, that to eſtimate the Re- 
ſiſtance of Fluids, it is neceſſary to have Regard to 
the Velocity of the moving Body. There is no 
Medium ſo eaſy to divide, but that it requires ſome 
determinate Time to give way. We generally find 
this Time to be very ſhort, becauſe the Velocities 
we make Uſe of for this Purpoſe are not very great. 
And the Compariſon that we make of the Time 
employed againſt them, to that in which they be- 
come obedient, makes us embrace this Sentiment. 
But we change our Minds when we conſider certain 
Effects which we cannot explain, but in ſuppoſing, 
that we have not given the Fluid Time to give way. 
Why, for Inſtance, do the Strokes of rhe Oars make 
a Boat go forwards? And why do they not make it 
go forward ſo much the faſter, the quicker and more 
frequent they are? *Tis becauſe when the Water is 
ſtruck quicker than it can give way, by this Slow- 
neſs of Obedience it becomes the Fulcrum of a Leaver, 
which the Waterman makes to aft. The Fiſh do 
the ſame thing with their Tails as the Waterman does 
VOL. I. L with 
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wich his Oars; the Swimmer with his Arms and 
Legs; and Water-Fowl with their Feet, which for 
this Purpoſe are formed in a Manner fit to puſh againſt 


a large Quantity of Water, 


EXPERIMENT U. 


PREPARATION. | 
" be Big. 5, HI repreſents a Piece of Clock - Work, 
the Moderator of which is a Fly with two Wings, 
1, 2. The Spring is wound up with a Key, and 
the Piece K is a Leaver, which moves from left to 
right, and from right to left, to make the Wheei- 
Work play, or to flop it's Motion. This Inſtru- 
ment is ſet upon the Plate of an Air-Pump, which 
we have. repreſented intire in Fig. 1. of the ſecond 
Lecture. Then it is covered with a Glaſs-Receiver, 
farniſhed above with a Stem of Metal L, which 
paſſes through a Copper- Ferril, full of greaſy Pieces 
of Leather, and by which one may move the Leaver 
K, without letting in the Air, after a Vacuum is made 
in the Receiver. See Fig. 6. 


— 
ps 


EFFECTS. 


Wax the Wheel-Work, is made to play in. te 
fiſt 


Vacuum, one may perceive, by the Frequency of the 
Strokes of the Hammers, which, ſtrike againſt the 
7 J  _ © Kell, 


Leffurts in Bxpifmental Philjophy, 163 
Bell, chat the Motion of the Wheel Work is much 
more free, than when the Receiver is fall of Air like 
to that of the Atmoſphere. 


ExPLANAT10NS, 


Writ is commonly called Boyle's Vacuum is no- 
thing elſe but a Space, wherein the Air is rarified a8 
much as poſſible, by means of a pneumatic Engine, 

which this Znp/i6 Philoſopher has much improved; 
| But we ſhall make it appear, and all Naturaliſts are 
agreed in it, that this Vacuum is only a Medium of 
leſs Denſity, than that in which we ſee the greateſt 
Part of Bodies to move. In neither of theſe two 
Mediums, that is in the common Air or in the ra- 
rified Air, the Wheel - Work has a compleatLibertyz 
becauſe independently of theſe other Cauſes, the Fly 
has always ſome Reſiſtance to overcome, that it may 
move in the Fluid that ſurround it. The Reſiſtance 
of this Fluid is proportional to it's Denſity. And 
for this Reaſon, in an Air that is leſs denſe; the Mo- 
derator being leſs diſturbed itſelf, gives more Liberty 
to the Wheels, and therefore procures a greater Fre- 
quency of ſtriking to the Hammers, 


AvPLlications. 


W fee by this Experiment; that the Air is 4 re- 
liſting Medium, and in Regard to Bodies in Motion 


is as all —_— only being much leſs denſe 
L 2 than 
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than the moſt of them, it gives leſs Reſiſtance when 
other Circumſtances are the fame. Wherefore to 
find a Point of Support in it's Reſiſtance, as we have 
ſeen it is to be found in that of the Water, it muſt 
be ſtruck with much more Swiftneſs, or elſe a greater 
Quantity of it muſt be puſhed at the ſame Time. 
The Birds raiſe themſelves, ſupport themſelves, and 
make long Flights in the Air, notwithſtanding the 
Weight of their Bodies, which always conſiderably 
exceeds that of the Medium in which they are con- 
verſant. Thoſe which fly for a long Time, and very 
far, as the Swallows, the greateſt Part 'of Birds of 
Prey, many of the Water-Fowls, &c. have generally 
but lictle Bodies, many Feathers, and large Wings. 
On the contrary thoſe of a ſhorter Flight or leſs 
frequent, have commonly more Fleſh and leſs Wings 
in Proportion. But, if we take Notice of it, we may 
obſerve, that theſe beat their Wings oftener than the 
other in flying. Sparrows, Chaffinches, Goldfinches, 
Linnets, Sc. fly as it were by Starts, and do not 
ſapport themſelves long in the ſame Direction. Their 
Wings cannot raiſe and ſuſtain their Bodies, but by 
. a Velocity, which they can hardly hold out for many 
Moments. While they reſt in order to begin again, 
their own Weight gains upon them, and makes them 
loſe a Part of that Elevation they had obtained be- 
fore: So that their Flight js only a Succeſſion of Jerks 
and Starts. 
Tux are Birds which ſupport themſelves for 
Time at the ſame Height, without ſeeming to 
Mm ow $247 122 ＋ rin move 
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move their Wings, which they call planing. We 
ought to, ſuppoſe however that they move them, but 
that their Vibrations are ſo quick and ſo ſhort ; that 
we cannot perceive them at a certain Diſtance. The 
great Swiftneſs of this Motion may ſupply for ſome 
Time, inſtead of thoſe beatings of the Wings which 
are more diſcernible. And it is alſo obſerved, that 
the planing Birds are obliged from Time to Time, 
to regain that Height by a Flight in the common 
way, which they have inſenſibly loſt, and by flower 
and more extenſive Motions to repoſe, as we may 
ſay, the Muſcles whoſe Spring has been too much 
ſtretched, during theſe ſhort and frequent Vibra- 
tions. 

By this we ſee why Domeſtick Birds, or thoſe 
which grow very fat at certain Seaſons, fly ſo little 
and fo clumſily. As they increaſe in Bulk, their 
Wings alſo ſhould grow larger, to encompaſs a 
greater Volume of Air : Or their Strength ſhould in- 
creaſe in Proportion, to make them act with more 
Velocity. But the Degree of Strength, and the 
| Conformation in every Species, are not variable with 
their Corpulency. 


Lr us now compare the Weight of a Man, with 
the Strength which he ought to have in his Arms, to 
be able ro move Wings of an Extent proportioned to 
his Maſs, with a Velocity capable of ſupporting him 
in the Air; and then we ſhall ſee how great was the 
Folly of thoſe, who have been contriving Means to 
fly, and have looked upon it as a thing poſſible, It 


9 to think, 1 
5 wa | but 
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but Dexterity and Exerciſe. It would be eaſy tg 
: ſhew, that the Arms of the ſtrongeſt and moſt active 
Man are not capable of ſuch a continued Effort, ay 
is able to produce ſuch a an Effect. 


EXPERIMENT Ul 
 PaBPapatioN. 


Tux Iofrument repreſented in Fig. 7. is à double 
Mill, each of which has the ſame Number of Sails, 
of the ſame Weight, and of the ſame Length and 
Breadth ; only with this Difference, that in one of 
the two the Plain of every Sail can be inclined to the 
Aris in any Manner we pleaſe. the ſame Spring, 
which unbends when we let down a Button to be ſeen 
at M, <qually puſhes againſt two little Broches N, N, 
which are fixed to the Nayes of the Mills. Thus 
when both comply with. this common Impulſe, they 


begin to moye with equal Velocirics. 


E8F5CP4 


II che Sails of the. little Mills are in a like Poſition 
in Reſpect of cheir Axcy for. Example, if in each 
the Elain of eyery Sail, is parallel to the common, 
Axis, the Motion impreſſed by the Spring continues 
Equal in both; they make a like Number of Turns, 
. Wd ceaſe to mane e be ive Time: On che con- 
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trary z if in one of the two Mills, the Breadth of the 
Sails falls upon the Axis at right Angles : or, which 
is the ſame thing, if their Plains are all found in 
that of the ſame Circle z then the ſame Impulſe 
makes this turn much faſter, and for a much longer 
Time than the other. 


ExPLANATIONS. 


In the firſt Caſe of the foregoing Experiment, the 
fails of each Mill preſent their Faces to the common 
Medium, which they muſt diſplace in order to move, 
They are ſuppoſed not to differ in any Circumſtance, 
they find then equal Reſiſtances in the ſame Time, 
conſequently they loſe equal Quantities of Force in 
the ſame Inſtants. When the Velocity is deſtroyed 
in one of the Mills, it will alſo be deſtroyed in the 
other. Quite on the contrary in the ſecond Caſe, 
one of the two Mills preſents it's Sails edge-wiſe 3 
in this Poſition they are only thin Plates, which 
eaſily divide the Air, and which find much leſs Re- 
ſiſtance from it, fince the Quantity that is to be re- 
moved is much leſs. Therefore that which in equal 
Times loſes leſs Force, muſt turn ſwifter and much 
longer than the other. 


APPLICATIONS. 


Fu is laſt Experiment ſhews, that the fame Maſs 


' 
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Medium, according as it preſents directly to it a 
greatcr or a leſſer Surface. The Boatman makes his 
Oar to act on the flat Side, when he ſecks a Point 
of Support in the Reſiſtance of the Water: But he 
lifts it out by the Edge, that he may have leſs 
Trouble, when he intends to put bimſelf in a Con- 
dition to renew his Labour. 

*T1s for the ſame Reaſon, that a Body generally 
preſcrves it's Motion better when it is entire, than 
when it is divided. For Diviſion multiplies Sur- 
faces. and conſequently the Reſiſtance of the Medium. 
When an Ounce of Lead comes out of a Gun under 
any Quantity of Surface whatever, the Impulſe of 
the Powder which determines the Velocity is the 
fame. YcFct every one knows, that a Bullet is always 
carried much farther than a like Quantity of Lead in 
Short. This Difference proceeds from the Reſiſt- 
ance of the Air, which acts in the Ratio of the Sur- 
faces. For every little Grain or Shot, as well as the 
Bullet, always prefents to the Air, which it divides, 
half of it's ſpherical Superficies ; and the Weights 
being equal, the Sum of the little hemiſpherical 
Surfaces of the Shot much exceeds that of one 
Bullet. | 

As it often happens, that we do not take ſufficient 
Notice of the Ræſiſtance of the Medium, ſo ſome- 
times our Prejudices aſcribe more to it than it really 
has. Who is it that has not heard, for Example, 
that a Gun diſcharged upon the Water, or from one 
Side of a River or Pond to the other, will not carry 
SOON 1294 46 4 amoie Thee? The Reaſon 

which 
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which is given for it, by ſaying that the Vapour from 
the Water thickens the Air, has ſomething like 
Truth. Bur it is imputing too much to it, when we 
aſcribe ſenſible Effects to this imaginary thickening 
of the Air. The Experiment aforegoing has ſhewn 
us, that we cannot conſiderably vary it's Reſiſtance, 
unleſs we create conſiderable Differences in it's Den- 
fity. And. the Tryals that I have often repeated 
with Care have convinced me, that the Fact in Que- 
ſtion is at leaſt an Exaggeration, If any one has ap- 
prehended, that being on the Water he could not 
reach ſuch Objects as elſewhere he might have done, 
tis becauſe he was miſtaken in the Diſtance, which 
always appears leſs to us when we ſee nothing but an 
uniform Extent, wherein we find no Objects to aſſiſt 
us in eſtimating it, ſo that it cannot be ſurprizing if 
we have failed in killing a Bird at 60 Paces from us, 
when we imagined it was but 50. Now the Den- 
fity of the Medium, augmented by a Vapour from 
the Water, could have but little ſhare in this 


Hir ERTO we have conſidered the Medium as 


calm and at Reſt. But if it is agitated, it's Reſiſtance 
may be encreaſed or diminiſhed by it's own Motion. 
The Fiſh that ſwims againſt the Current of a River 
hag two Reſiſtances to overcome. One is the Mo- 
tion of the Water, the Direction of which is contrary 
to his own. The other is the Inactivity of the Vo- 
lume of Water anſwering to his own, and which he 
muſt remove as if it were ſtanding Water. A Man 
| that walks againſt the Wind does the fame thing. 
J | And 
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Aud it is for this Reaſon, that when we make a Body 
to move againſt the Direction of a Fluid, the Mo- 
tion of which is rapid, we diminiſh it's Volume as 
much as poſſible, that the Strength of the Current 
may have the leſs Power over it. A Ship that has 
the Wind "againſt ic, furls it's Sails. And in a like 
Caſe, the Waterman makes his Paſſengers to fit 
down, while he carries them over a River. 

Ir the Body and the Fluid, which ferves as a Me- 
diam to it, both move in the ſame Direction, either 
they have equal Velocities, or one has more than the 
other. In the firſt Caſe the Reſiſtance of the Me- 
dium is none at all. Such is the Motion of a Fiſh, 
which exactly follows the Current of the Water. In 
the latter Caſe, that of the two which has the moſt 
Velocity communicates ſome of it to the other, at the 
Expenſe of that which has it. A Cannon-Ball which 
is diſtharged in the Direction of the Wind, does 
not find ſo much Refiftance in the Air, as it would 
in calm Weather. But as it moves ſwifter than the 
Wind, it muſt always open itſelf a Paſſage in this 
Medium, which flies before it but with too much 
Fownefs. If we know by the Rules before hid down, 
what would' be the Reſiſtance of a Medium which is 
at Reſt ; we may alſo know, what it's Degree of 
Velocity for or againſt, adds to, ee row. 
this Nefiffance, 


* 
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ARTICLE u. 


Of the RES1S FANCE of FRICTION 
or ATTRITION, 


Iy order to acquire a juſt Idea of Friction, it 
ſhould be obſerved, that the Superficies of any Body 
whatever is never perfectly plain or ſmooth. For 
tho? we ſhould ſuppoſe, that all the ſolid Parts which 
compoſe it, are exactly in the ſame Plain, (and 
when will that be found ?) the Pores which ſeparate 
them, would ſtill oblige us to conceive this Super- 
ficies, as an Aſſemblage of little Eminencies and 
Cavities. Let us ſuppoſe that two Plains of this 
Kind touch one another through their whole Extent; 
the prominent Parts of one will enter into the hollow 
Parts of the other, nearly as it happens to a Cuſhion 
covered with Velvet, placed upon a Table covered 
with the ſame. Or, if it be a ſolid Body, which we 
plunge into a Fluid, this in Conſequence of it's Te- 
nuity and the Fluidity of it's Parts, fills exactly the 
Cavities of the other, as one may obſerve by the 
Wetneſ it retaing after it is taken out again. 

Now we are to conſider, that when we make one 
Body to run over the Surface of another Body, this 
may be done in two different Manners, which it is 
peceſſary well to diſtinguiſh, For firſt we may 
apply 
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apply ſucceſſively the ſame Parts of one, to different 
Parts of the other; as when we make a Book, for 

Inftance, to flide along a Table. And this we will 
call a Friction of the firſt Kind. Secondly, we may 
make different Parts of one Surface ſucceſſively to 
touch the different Parts of the other; as when 
we make a Ball to roll upon a Billiard-Table. 
And this we will call a Friftion of the ſecond 
Kind. 

In the firſt Caſe the Motion we give to that of the 
two Bodies, which paſſes over the other, has a Di- 
rection perpendicular to that, according to which 

the Parts of the Surfaces are mutually engaged, For, 
according to our Suppoſition, the Surface, which we 
make to flide horizontally, is that of a heavy Body, 
which it's Weight ſupports vertically on the Table. 
And this Kind of Friction often occaſions the break» 
ing of thoſe little Eminencies, which form the 
Roughneſs of a Superficies. This may be obſerved 
by the Duſt, which as produced by two Marbles, or 
by two Pieces of fawn Wood, which are rubbed one 
2gzinft another with ſome Violence, 

In the ſecond Caſe theſe ſame Parts, that are en- 
gaged quit one another, almoſt as the Teeth of two 

Wheels of a Watch, when they roll one over an- 
other. If ic happens that they quit with Difficulty, 
*ris becauſe there is a Diſproportion between the pro- 
tuberant Parts and the Hollows that receive them. 
But this laft Kind of Friction eee 

the other, to retard Motion, | | 


4 * . @# 4 
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Tx x Cuſtom of dragging the Wheels of Carriages 
when the Deſcent is too ſteep, furniſhes us with 6 
familiar Example of the different Effects of theſe two 
Kinds of Friction. When they are afraid that a Coach 
or Waggon ſhould hurry too faſt down a Hill, they 
hinder the Wheels from turning round their Axis: 
Then the ſame Point of the Circumference drags 
ſucceſſively upon a Number of Points on the Ground: 
This is a Friction of the firſt Kind, which very con- 
. ſiderably reſiſts the Motion of the Carriage. It is 
not ſo when every Wheel turns in the uſual Manner 
about it's Axis; for then it expoſes it's different Parts 
to the Plain it is to run over. It's Friction, as to 
the Circumference, is only one of the ſecond Kind; 
and it's Motion is much more free ; perhaps too 
much. ſo, if it was aſſiſted by too ſteep a Deſcent. - 
IT is not ſo eaſy to eſtimate the Reſiſtance that pro- 
ceeds from Attrition, as that of Mediums, confider- 


ed in Reſpect of their Denſity, and of the Volume 
and Velocity of the Body which removes them. The 

ſucceſſive Paſſage of one Surface over another is ſo much 
the more retarded, the more Inequalities each of them 
have. But this more or leſi may be varied ad infinitum, 
not only by the Nature of the Bodies, but alſo from the 
Degree of Perfection they may receive from Art. A 
Workman can never ſay, that he has poliſhed alike 
two Pieces of the ſame Wood, or of the ſame Metal. 
or of the ſame Stone, &c. And tho? he had a certain 
Rule to aſſure himſelf of it, we cannot reckon upon 
the Continuance of this State. All Matters wear 
. and theſe 
Accidenty, 


rr . . 
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Accidents, of which hardly any Fſtimation can be 
made, ſometimes increaſe, but ofcener leſſen the Po- 
lia and Smoothneſs of Surfaces. 
Tus other Quantities which enter into the Valu- 
tion of Friction, ſuch as the Magnitude of Surfaces, 
the Preſſure they have upon one another, and their 
Degrees of Velocities, are things that it is more eaſy 


to meaſure; but as their Value has a Relation to the 


actual State of the Surfaces, there will always remain 
much uncertainty in the Eſtimation of the Reſiſtances 
chat reſult therefrom. We muſt commonly be con · 
tented with an Approximation, which often is none: 
by ſuppoſing a third Part of the Power or of the 


Motion, communicated to a Machine, is made Uſe 


of to overcome the Actritioti. But it is plain that this 
muſt be underſtood of a Machine in the great, and 
chat it muſt have a great deal of Variety, according 
to it's Degree of Simplicity, and according to the 
Perfection of the Pieces that compoſe it. 

Sou Philoſophers “ have pretended, that the 


| Magnitude of the Surfaces went for nothing in the 


Friction, and that we need only to' take Account of 
the Degree of Prefſure. © A Body, ſay they, which 
© has more Breadth than Thickneſs, ought not to 


© make” more Reſiſtance when it is drawn on it's 


© greateſt Surface, than when it rubs on it's nar- 
© from it's Weight being the ſame in either Caſe, if 
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© in the firſt more Parts are engaged, patch 
deeply engaged than in the ſecond̃. 

Txr1s way of reaſoning, which would not be-con» 
cluſive alone, and to which ſeveral others might be 
oppoſed ꝰ, has been ſupported by ſome very ingenious 
Experiments, which ſeemingly were very favourable 
to the Opinion here laid down. But in a Matter like 
this, wherein we cannot draw general Concluſions 
from particular Inſtances, we muſt be determined by 
what happens moſt commonly. Repeated” Trials 
have almoſt always proved to me, as likewiſe to 
Mr Muſchenbrock who has made many of this Kind, 
that the Surfaces muſt be reckoned as fomething, the? 
much leſs than the Preſſures. As to the Ratios of 
each of them to the Effects, I have found nothing 
uniform enough, to lay it down as F 
an exact Theory. 

—— Preſiter and the Magnitude of the 
Surfaces, we ought likewiſe to admit the Velocity 
into the Valuation of the Friction. For as this Kind 
of Reſiſtance proceeds from entangled Parts, which 
muſt either be broken, or which elſe cannot be: dif- 
engaged, but by making the Preſſure ta give way, 
which keeps the Surfaces applied to each other; it is 
plain, that the Sum of the Reſiſtances ought to be: fo 
much the greater the mare way the rubbing Body 
has to make in a given Time. For then the en» 
tangled. Parts muſt; be broken in greater Numbers, 
or muſk; diſengaga themſel ves more frequently. 
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Bur there is a thing here very remarkable, which 
is, that this Augmentation of Reſiſtance, which pro- 
ceeds from the Velocity with which the Surfaces rub 
one another, has it's Limits and Boundaries, beyond 
which one may accelerate the Motion, without 
making the Friftion become more conſiderable. 
Thus one may ſay in a Manner, that by increaſing 
the Cauſe we do not increaſe the Effect; a Paradox 
which deſerves explaining. 
LzT us ſuppoſe that DE and FG, Fi. 8. re- 
preſent two Surfaces of hard Bodies, of which the 
inſenſible Inequalities are funk into one another; 
that the Preſſure which joins them, acts according 
to the Direction AB, perpendicular to that of the 
Motion, which makes the two Bodies to ſlide upon 
one another. We ſee plainly that the upper one can- 
not move in the Direction BC; except it's moſt 
elevated Parts e, f, g. B, diſengage themſelves from 
the Hollows into which they are ſunk, which cannot 
be done unleſs the whole Body DE is lifted up, 
againſt the Effort of it's Prefſure. If this Preſſure is 
great enough to make the Parts diſengaged to fall 
into the Cavities, which immediately follow thoſe 
that have been quitted ; that is to ſay, if the Part e 
which came out of 1 ſhould fall into 2, or into 3, &c. 
it is plain that the Effort which was made to raiſe the 
Body DE, or (which is the ſame thing,) to diſen- 
gage the Parts, muſt be repeated as often as there 
are ſuch little Elevations in the Surface FG. And 
the farther the rubbing Body ſhall advance in a given 
Time, upon that to which it is applied, the _ 
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theſe riſings and fallings muſt take Place. Thus the 
Reſiſtance of the Friction increaſes with the Velocity, 
as long as this Velocity docs not hinder the high Parts 
of one Surface, to lodge themſelves ſucceſſively in the 
low Parts of the other — in the Manner here 
explained. KITA i 

BuT it may happen, that the Motion which is 
made according to the Direction B C may be fo 
rapid, that when the Protuberances e, f, g, b, have 
been diſengaged, they may be drawn forward a con- 
ſiderable Length before the Preſſure” has Time to 
engage them a-new. That the Part & for Example, 
having quitted 1, or the firſt hollow Part of the 
Surfate FG, inſtead of falling into 2, the next Hol- 
low, it may be tranſported to 3 or 4; and then it is 
eaſy to conceive, that the rubbing Body D E may 
run over twice or thrice as much Surface upon F G, 
yet — un ir 1 e IE en · 

Tax — I ſhall elender will them, 
what.appears t me of greater Certainty in the Buſineſs 
of Friction. Firſt, that the firſt Kind of Friction 
makes much more Reſiſtance to Motion than the 
ſeoond Kind. Secondly, that the Friction increaſes 
wich the Increaſe of the Surfaces, all other things be- 
ing alike. Thirdly, that Preſſure alſo makes the Re- 
ſiſtance of Friction to increaſe; of whatever Kind it 
may be. Laſtly, that with equal Proportions the 
Reſiſtance of Friction increaſes more 1 by 
Preſſure than by the Sur faces. _ 


. VOL. A M E X P E- 
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EXPERIMENT I. 
PREPARATION. 


 Ft16. g. repreſents an Inſtrument compoſed (firſt) 
of four Rollers 1, 2, 3, 4, ſoſpended by very fine 
Pivot on two double Frames P, P. And (ſecondly) 
of another Roller greater than the foregoing, the 
Axis of which O O through it's whole Length is 
about 2 3 Lines Diameter, and is terminated by two 
Steel Pivots; which turn within two Skrews QO; 
boared in their Length, or elſe upon the two Inter- 
{ions of the two. Pair of Rollers. A ſpiral Spring 
fixt at one End to one of the double Frames, and at 
the other to the Axis of this laſt Roller, makes it 
turn alternately both ways. And the Duration of 
the Motion of the Roller is reckoned by the Number 
of the Vibrations of the Spring. It is compoſed 
(thirdly) of a Piece R, which is repreſented by itſelf, 
Fig. 10. which reſts upon the Axis of the Roller, 
ſometimes. by. one Surface 5, ſometimes by the two 
athers t, t, which are like 5, at the End of which is 
faſtened-one.or:moreWeights, to increaſe the Preſſure 
upon the Axis. When the Spring is bent, the Lea- 
ver U is brought near, to ſupport. one of the Croſs 
Bars of the great Roller, that we may be aſſured of 
e Degree of Tenſion, and to unbend it with Ex- 
atneſs. - 
21 4 AoA 
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Ar firit the Pivors of the Roller are put into the 
Holes of the Skrews Q Q, and afterwards they are 
made to teft upon the Interſections of the Rollers, 
without loading the Axis with the Piece R. And in 
both the Trials care is taken, that the Spring may 
have an _ Tenſion. 


EFFECTS. 


Tu Spring being ſuffered to unwind, if in the 
firſt Caſe are counted 29 or 30 Vibrations before the 
Motion Stops entirely; in the ſecond will be count- 
ed about 400, each of which continues for near a 
Second. 


ExPeLANATIONS. 


Tax foregoing Experiment, conſidered in the two 


Facts, which they are brought to eſtabliſh, viſibly 


prove that Attrition, of whatever Sort it may be, de- 


ſtroy Motion by a Refiftance which differs only ac- 


cording to the Degrees of more or lefs. And they 


ſhew at the ſame Time, that of the two Kinds of At- 


tition which we have before diſtinguiſhed, the firſt 
bas much more conſiderable Effecis than the other. 


paſſes ſucceſſively over the lower Part of each of the 
Holes. On the contrary, when theſe ſame Pivots by 


tele Motion aft natle rs tar the Rollers that beat 


* them 


179 


When the Pivots turn in the hollow Skrews, tis 4 
Friction of the firſt Kind; all their cylindrical Surfacs 
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them up, it will be only 2 Friction of the ſecond 
Kind. For then the Circumſerence of one unfolds; 
itſelf only on the. Circumference of the others the 
Part which touched before touching no longer the 
next Moment, and that Part which went before ſerves 
it now as a. Point of Support, or a Fulcrum, to diſ- 
engage itſelf in a favourable Direction; as the Tooth 
of a Wheel, which begins to enter the Pinion, fa- 
vours the Separation of that which entered before. 


— 
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:NoTHin 6.s ſo common in Motion as the Effects 
of Friction. We find it every where, and it may be 
faid in general, that it is the principal Cauſe of the 
Alterations and Wearing, which we may obſerve in 
all the Works of Art; and eſpecially in thoſe, of 
which we make a frequent Uſe. Our Cloaths, Fur- 
niture, Trinkets, Inſtruments, 22 laſt only for a 
certain Time, becauſe the Attrition, to which they 
are continually expoſed, inſenſibly changes their Sur- 
faces and Forms, and make them loſe thoſe Qualities 
which. depend thereon. The hardeſt and moſt ſolid; 
Matters cannot hold out. againſt long Service, but 
will give Marks of Diminution and Diſſolution... A 
Razor, a Knife, an Axe, ſoon. loſe their fine Edge. 
Even a Plow-ſhare muſt be repaired now and then; 
and the Horſe, whoſe Foot lips upon the paved 
Stones, leaves there a Mark, which with half an Eye: 
we aN to be Parts of his Iron Shoe, buen, a 
14 the , 
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the Friction has left behind. But as nothing in the 
Univerſe is annihilated, all theſe Particles, thus ſe- 
perated from their Maſſes, are mixed with different 
Matters, in which they find one another again, when 
we think leaſt of it. It has been a Surpriſe to very 
good Natural Philoſophers, to find Iron in Clay, and 
in the Aſhes of Plants; becauſe they did not enough 
conſider the prodigious Diviſibility of Metals in ge- 
neral, and in particular the continual Diſperſion which 
is made of the Parts of this Metal, as well by the Tools 
which are uſed in the Tillage of the Earth, as by in- 
finite other Uſes, which put it in a Condition of be- 
ing ſcattered every where. Others that were more 
attentive to this great and continual Waſte of Iron- 
Works, have diſcovered this Metal in the Dirt of 
great Cities, and have imputed to it that black Co- 
lour it has, and of which it is very probably the 
Cauſe. If Gold was in as great plenty as Iron, and 
if as frequent and extenſive Uſe was made of it, it is 
not to be doubted but that we ſhould meet with it 
likewiſe in all Matters, where we ſhould take the 
pains to look for it. But he that ſhould happen to 
find it any where, would he have a Right to fay that 
be had made Gold ? No-more, I think, than he who 
now finds Iron in Aſhes, can boaſt that he has made 
iron, Among all thoſe famous Adepts, who have 
enriched the World by their golden Promiſes; if 
there was any Gold- Maker who was ſuch in earneſt, 
"twas becauſe among that great Variety of Matter 
that paſſed through his Crucible, there might be 


found by Chance ſome ſmall Parcell of Gold, which 
NM 3 owed 
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owed nothing more to the Operation of the Artiſt, 
than to have ſeparated it from thoſe foreign Mixtures 
in which it lay concealed, To make Gold after this 
Manner appears to me a very poſſible thing. But I 
doubt much whether enough could be made, to de- 
| fray the Charge of the, Coals, 

Ir Attrition i is huttful on many Occaſions, ſo there 
are many others in which i it may be uſed to Advan- 
tage. The Arts bave found, « out Means to turn to 
their Profit, even ſuch things as ſeemed to be moſt 
detrimental to them. A File is nothing elſe but a 


Surface purpaſely made rough with Points and Edges. 
The rubbing of it upon the hardeſt Subſtances is a 
very convenient Method of forming them to one's 
Mind; by a well managed Diminution of their Vo- 
James,” Thus this Tool is of great Uſe in a Multi- 
tude of handicraſt Trades. The intelligent Work- 
man, that makes Uſe of it, derives different Advan- 
tages from the ſame Means, according to the Mo- 
difications he would introduce. To fave Time he 
ſometimes uſes a File, the Ruggedneſs of which re- 
quires more of his Strength: Sometimes he chuſcs 
one of a finer Cut, to ſoften what the other ſketched 
out in rough: And at laft, when even the fineſt of his 
Files i is not yet fine enough," he anoints it with Oil, 
which retains the Parts of the Metal as they come off; 
by. which Means the little Cavities of the Tool are 
filled up, ſo that it's Points become ſhorter, and it's 
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WHAT we ſay about Files ought to be underſtood 
of Grindſtones, and all Whetſtones, which differ not 
ſo much as to the Effect of the Friction, as to their 
greater Hardneſs. 
_ ComyassEs, and generally all Inftruments with 
Joints, which are to remain open or ſhut in different 
Degrees, have commonly the Property of an equal or 
regular Friction; and much Time is ſaved in the 
Uſe of them, when one is not obliged to fix them by 
any other Means; as when they are ſtopt by a Skrew, 
or otherwiſe. 

Taz Reſiſtance of Friction is diminiſhed by 
dawbing the Surfaces with any Fluid or fat Matter. 
We rub with Soap the Edges of a Box, the Cover of 
which ſhuts too cloſe. We oil Hinges to make- 
them play eaſily. They greaſe the Infide of the. 
Naves of Wheels. Theſe are ſo many Methods of 
filling up the greater Inequalities of Surfaces, and 
conſequently of making them more ſlippery, and 
fitter to ide one over another. Beſides; the Parts 
of theſe Fluids, or of theſe fat Bodies, which are in- 
terpoſed, change the Nature of the Friction. They 
are ſo many little Globules which roll between the 
Surfaces, ſerve them as a common Vehicle, and do 
that in little which we ſee done in a more ſenſible 
Manner, when they put Rollers under a great Stone, 
or under a Piece of Timber, to tranſport it the more 
eaſily from Place to Place: | 
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EXPERIMENT 1.” 
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Tu Pivots of the great Roller are made to reſt 
upon the Interſections of the four leſſer, and the 
Spring is bent to the ſame Degree as in the foregoing 
Experiment. Firſt we place the Piece R upon the 
Axis of the great Roller by one Surface only 3, and 
with it's own Weight alone. Then afterwards it is 
tuned back, to make it carry the two Surfaces ?, 7, 
. without increaſing the Weight; and in ext one! 
nn man. * (+ 


1 ©1219 4209110 1 

— the Friction is made —. dene 

2 in the firſt Caſe, there are counted 40 Vibrations. 

When the rubbing Surface is doubled, as in the ſe- 

cond Caſe, there are counted no more than 29 1; all 

aher things being alike, as is here ſuppoſed; · 
Sen ere ee ee 
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ExPTAAT Io hs. 


Tun Inequality of Surfaces being the firſt Cauſe of 
Aurition, it iy very natural to think, that by in- 
creaſing 
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creaſing the Extent of the rubbed Body, we muſt 
alſo increaſe the Number of theſe Inequalities.” If 
any Caſe can be found, in which this docs not ſenſibly 
happen, it will be an Exception, which is undoubr- 
edly due to the particular Diſpoſition of the Super- 
ficies ; or however when ſo great a Quantity of Mo- 
tion is applied, that the Reſiſtance of Attrition will 
not be confiderable enough to be meaſured, and con- 
ſequently to be compared. But as in great Machines, 
in which the Attrition will be of much greater Con- 
ſequence than elſewhere, the Pieces always have their 
Surfaces rugged enough ; we think the Quantity of 
their Extent is not to be neglected. Yet we ſee by 
the foregoing Experiment, that the Reſiſtance of 
Friction, tho? partly depending on the Magnitude of 
the Surfaces, does not obſerve it in all it's Propor- 
tions. In one of the two Caſes mentioned, the Su- 
perficies being double, the Friction was not double, 
And it would be very difficult, to ſay no more, to 
determine the Relation of theſe Reſiſtances with „ 


given Quantity 7 Surface. 


| APPLICATIONS. 
2 


nne rw, confidered | in reſpelt of the ribbing 
Surfaces, retards the Velocity of all Bodies indif- 
ſerently. We have juſt now proved it in Solids ; and 
we may obſerve every Day, that it is the ſame in re- 
ſpe& of Fluids and Liquors. ' Fountains never riſe 
to the Height they ought, in reſpect of their Quan- 
eladgad tity 
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_ tity of Motion 3 and Rivers run ſloweſt when the 
Waters are low. 1261 45 
Warz which 2 chrough a. Pipe, and 
| which ſpouts out into the Air, is every where liable 
to Friftion. The internal immoveable Surface of 
the Pipe retards it; and when it paſſes into the Air, 
«ought to be conſidered as moving yet in another 
Pipe, the Surface of which does not differ from 
. — 


| Tuc“ the Surface of a large Pipe is greater than 
at of a narrower, yet it is leſs ſo in Relation to it's 
ty. For it is a thing demonſtrated, that one 
ef two Inches, Diameter, (we ſpeak bere of round and 
exlindrical Pipes) contains four times more Water 
than one, the Diameter of which is but one Inch; 
and the Circumference of the hrt is but twice as big 
again as that of the laſt. We ſee by this, that in 
ſuch Pipes as theſe, the Friction which proceeds from 
the, Surfaces, dickiniſhes as we increaſe the Capacity. 
For if the Volume of Water, which is quadruple i in 
the larger, was contained in four Pipes like to the 
leſſer, it would anſwer to Surfaces, the Sum of which 
would be double to. that which contains it. Expe- 
rience is entirely agreeable to this Theory. For the 
8, we . diminiſh. the Capacity of the Pipes in 
um Aqur dukte, Fountains, gen 
tardation we find in the Velocity of the Water. 
Is forthe ſame Reaſon, 222999 
pd. at the Time when the Waters are out. The 
„„ 


* 


Channels, are then diſtributed to a more conſiderable 


Maſs, and conſequently they give leſs Oppoſition to 
the Motion of the Fluid. 


EXP ERIM ENT III. 


PREPARAT TON. 


Tux Inſtrument being diſpoſed as in the foregoing 
Experiment, the Piece R is made to reſt upon the 
Axis of the great Roller by the Surface S, and the 
little Weight Y is hung to it at X, which doubles 


Errors. 
Ix this laſt Caſe we ſhall count but 21 Vibra- 


tions, F up as in the foregoing 
Trials. 


ExPLANATIONS. 


Tus Weight which is added increaſing the Preſ- 
ſure, makes. alſo the Friction to increaſe. For the 
Parts of the Surfaces, which are mutually engaged, 
will fink much farther, and give more Reſiſtance to 
the Motion which endeavours to ſeparate them, We 
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bee by "this ft Experiment, that a double Preſſure 


2 more than a Surface increaſed by it's Half. 
For we have ſeen before, that in making two Surfaces 
to rub inſtead of one, the Number of Vibrations was 
diminiſhed but by one fourth Part. And we ſee 
now, that in ing a double Preſſure there are no 
more than 21 Vibrations inſtead of 40, which is a 
Diminution of almoſt one Half. 
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Sadie weakened. This Accident, which diſturbs 


Pendulums and Watches, commonly depends on ſe- 
veral Cauſes which concur to the ſame Effect. There 
is one to which little Heed. is given, which yet de- 
ſerves to be reckoned among the others. *Tis the 
Friction which increaſes by Preſſure i in Proportion as 
the 165 2 bot. For it is known, and we ſhall 


1 c1 


provè it in ue time, that Mertals as well as all other 


Matters increaſe their Volumes by Heat, as they de- 
creaſe in Magnitude by Cold; the ſame Cauſe dilating 
the Plates makes the Holes es narrower, and ſwells the 
Pivots, fo that 'by this double Effect, the Friction 


increaſes by ors wane n — 


4 fiſts the te 71 the he has 
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the Friction is increaſed by the Preſſure, as the Me- 
tal lengthens by, heating. And thus the quickeſt and 
moſt uſual Remedy for this, is to wet it m. 
Water 0, c it. mt nent 7 

Tus Uſefulneſs; of Tongs, n b. ſuch 
Kind of Inſtruments, proceeds only from re 
inereaſed by a ſtrong Preſſure. 

Ir may not be amiſs to obſerve 8 his Gait 
Machines which perform their Office well enough in 
little, will pot always do the ſame when we come to 
execute them in the great, tho? we obſerve: the ſame 
Proportions. This generally proceeds from hence, 
that Attrition in it's increaſe: does not follow the 
Proportion of the Surfaces only, but rather that of 
the Preſſure, which is often increaſed with the 
Weight or Solidity of the Pieces. That is, for Ex- 
ample; if in the Model we have reduced all the Di- 
menſions to an Inch for a Foot, when we conſtruct in 
great, the Rafter which is 12 Feet long and 6 Inches 
ſquare, would weigh 1728 times as much as that 
which repreſents it in little, if it is of the ſame Matter. 
This Conſideration, which cannot be neglected when 
we proceed by Principle, ſometimes will make one 
conclude to the Diſadvantage of a Machine, the Suc- 
ceſs of which might otherwiſe ſeem to be very e 
even from Experience itſelf. 

Fro all that we have now ſaid and ves, con- 
the Reſiſtance of Mediums and Friction, we 
may draw this Concluſion, that in the natural State 
there can be no mechanical Motion but what is liable 
to change.” Firſt becauſe a Body can move only in 

2 4 Space 


| 


Spice, and there is no Place perfeRly void of all 
Matter. Secondly, becauſe a Body, whatever it is, 
cannot exerciſe it's Motion but upon ſome Surface, or 
it muſt be hung on ſome fixt Point, about which it 
is to move. In either of theſe Caſes there will be 
Friction, either upon the Plain, or at the Point of 


Suſpenſion, or in the Medium it muſt paſs through. 
| Therefore the Quantity of Motion that will be com- 


municated to it, will neceſſarily be diminiſhed by 
this two-fold Obſtacle. So that to move perpetually 
it muſt acquire new Force at every Inſtant, to repair 


hat it muſt neceſſarily loſe. This is contrary to 
that firſt Law of Motion, which requires, that a Body 


ſhould conſtantly keep that State into which it has been 
put, unleſs this State is changed by ſome new Cauſe. 


Hence it appears to be evidently demonſtrated, that 


there can be no perpetual mechanical Motion in the 
natural State of Things, and that thoſe who ſeek it 
with ſuch Obſtinacy, and multiply Expences in this 
View, loſe all their Time, Trouble, and Charges. 

Ir any one takes for perpetual the Motion of a 
Pendulum, whick continues it's equal Vibrations by 
Means of a Spring, or of a Weight, which is to be 
wound-up at the End of a certain Time, or of any other 
thing of a like Nature; he does not underſtand the 
State of the Queſtion, Fot it muſt be underſtood of 
a Motion once impreſſed,” to which nothing muſt be 
added afterwards, but is ſufficient of itſelf to perpe · 
tuate itſelf; The Spring or the Weight, by it's 
conſtant Effort, continually repairs the Degree of 


Velacity that is loſt in the foregoing Inſtanc, and 
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this Reparation is an Addition to the firſt Mo- 
Tuos x who ſuffer themſelves to be impoſed on by 
the Inſpection of a Machine, or by ſome pretend- 
ed geometrical Demonſtration, on which they ſome= 
times rely, to evince the Diſcovery of a perpetual 
Motion, are either the Dupes of Impoſtutd ot of 
ſome Paralogiſm, which cannot maintain their ground 
againſt thoſe who are better inſtructed. The perpe- 


cual Motion is the Philoſopher's Stone of Mechanicks. 
Thoſe that ſplit upon this Rock muſt be meer No- 
vices in this Science. Juſt as an obſtinate Purſuit of 
the Quadrature of the Circle, or of the grand Ope- 
ration, declare a Man to be, in the Judgment of the 
c 
a1 | 
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| Continuation of the Laws o fei Motion 


1 


Of the Cauſes which change the Direction "Yo 
Motion. 


WAVING fhewn in the laſt Section of 
d foregoing Lecture, what it is that 
indiſpenſably diminiſhes the Velocity of 
moving Body; it now remains to de- 
clare, what are the Cauſes, which change it's Direc- 
tion, when it does not keep that which it had at 
firſt. Now to do this in an intelligible Manner, we 
ſhall begin by ſettling the ſecond and third Law of 
fimple Motion, upon which depend moſt of thoſe 
things, which we have to deliver about this Matter. 
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The ſecorid Law of SIMPLE MOTION. 


Tas Change from more to leſs, or from Iſs id 
more, which happens to the Motion of any Body, 
is always propertional to the Cauſe which produces 
" 

In a moving Body, the Maſs of which we ſuppoſe 
to be conſtant, there can be no Change but of Velo- 
city or Direction. To change either of theſe, ſome 
poſitive Force is required, which is not in the Body, 
before the Change, and which it has not the Power 
to give itſelf. When this Force acts, it can operate 
only according to it's Quantity ; ſo that we may de- 
termine it's Value from that of it's Efficacy, As a 
Pound of Lead in a Scale has no more Efficacy than 
the Weight of a Pound, we cannot expect that it's 
Action againſt the other Scale either exceeds or is leſs 
than the like Weight, if the Scales are true. And, 
on the contrary, if this laſt Scale is held in Æquilibrio, 
we may conclude with all Aſſuꝶhce, that the Weight 
on the other Side, which is the Cauſe of it, is equal 
to one Pound. 


The third Law of SIMPLE MOTION. 


Reaction is equal to Preſſure. 


Warzn a Body in Motion, or which has a Ten- 
dency to Motion, acts upon another Body, it com- 
VOL I. N preſſes 
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preſſes or ſqueezes it, and reciprocally the latter 
exerciſes an equal Compreſſure upon it. When 1 
thruſt the End of my Finger againſt an empty Scale, 
to raiſe a pound Weight in the other Scale, *tis the 
| fame thing as if I held the Weight of a Pound upon 
my Finger to ſuſtain it. Whether a Man on the 
Bank of a River draws his Boat to Shore with a 
Rope, or whether he fits in his Boat, and draws it 
to the Shore by the Rope there faſtened to a Stake, 
the fame Effect will follow. For the Reſiſtance or 
the Reaction of the fixt Point, is equal to the Action 
of him that acts againſt it. ; 

Now we will examine how a Body i in Motion 


changes it's Direction, and what Rule it obſerves in 


this Change. 

Wurm a Body in Motion changes it's Direction, 
tis becauſe it is forced to do it by ſome Obſtacle. 
For according to the firſt Law, it endeavours of it- 
ſelf to perſevere in it's preſent State. But this Ob- 
ſtacle may be either a fluid Matter in which it opens 
itſelf a Paſlage, or ſome ſolid Body, which oppoſes 
it's whole Maſs to M becauſe of the Coheſion of it's 
Parts. A Stone thrown into the Water repreſents 
the firſt Caſe to A Ball thrown againſt a Wall 
is an Example of the ſecond. 


SECT10N 
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SECTION I 


| Of the Change of DIRECTION, cauſed by the 
meeting of ſome fluid MATTER. 


n F the moving Body which we have determined 
| towards ſome certain Point happens to meet ſome 
fluid Matter, or which is as ſuch in reſpect of itſelf, 
it only paſſes out of one Medium into another. And 
commonly theſe Mediums are not equally penetrable 
by it, either becauſe of the Difference of their Den- 
lities, or for ſome other Cauſe, which we need not 
examine here. This more or lefs Reſiſtance, which 
it finds at entering into the new Medium, does not 
fail to make it quit it's firſt Direction, as often as it 
enters obliquely. And this Change is called Refrac- 
tian, to give us to underſtand, that the Direction of 
the Body is as it were broken, at the place where the 
two Mediums join. Let us make this plain by a 
Figure, and by ſome Examples. 

Sur ros a great Baſon full of Water, the Section 
of which is repreſented by A B C D, Fig. 1. and a FI 18, 


* hard Body E placed in the Air, and 
| N 2 which 


ö 
| 
| 
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which is directed towards the Surface of the Water, 
with Velocity ſufficient to make it enter therein, and 
to make it there continue it's Motion. 

«For this Effect we can direct the Stone only after 
two Manners. That is, either according to the per- 
pendicular Line P F, or elſe according to an oblique 
Line taken between PF and CF. For it is plain if 
it ſhould follow CF, or a Line parallel to it, it 
would never enter into the Water, or (which is the 
fame thing) it would not change it's Medium. If 


the Body E comes to the Surface of the Water in the 


Line PF, it would continue to move according to 
FP, and ſo it's Direction would not receive any 
Change. 

Bur if it follows an oblique Line as e F, as ſoon 
as it arrives at F, the Water will become a refraing 
Medium to it. Inſtead of continuing it's Motion ac- 
cording to F G, it will take a new Direction which 
will be between FG and FA, ſuch for Example as 
FH. That is to ſay, the Stone, or any moving Body 
in general, will ſuffer a Refration, which Refraction 
will make it withdraw from the Perpendicular F p, 
more than it would have done if it had continued to 


move according to it's firſt Direction. 


Taz Refraction would have been made the con- 
trary way, if the Body had paſſed out of a more re- 
fiſting Medium, into another which ſhould reſiſt leſi. 
For Example, if it went out of Water to enter into 
Air. So that if it had deſcribed the Line H F, it 
would not go on according to F R, nor in any other 
between K and C; but the Refraction, which it 

6 FS. A would 
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would ſuffer in F, would determine it to a new Di- 
rection between K and P, which would make it in- 
cline more towards the Perpendicular PF. 

To remove all Doubt about this Perpendicular, 
which we take here for a Line of Compariſons, when 
we would expreſs which way the Refraction is made; 
it is proper to obſerve, that it has nothing in com- 
mon with the Horizon, but as far as the Surface of 
the refracting Medium is horizontal, as it happens 
when it is a Liquid at Reſt. For it is always the 
Perpendicular to this Surface that we are concerned 
with, whatever Poſition the Medium may have which 
cauſes the Refraction. For Example, if inſtead of 
ſtanding Water, ſuch as we ſuppoſed it to be, we 
ſhould chooſe that of a Caſcade, or of a River which 
ſhould have a conſiderable Declivity, in which to 
throw the Stone; the Perpendicular to which we 
ſhould refer the Direction of the Motion, as well be. 
fore as after it's Entrance into the Water, would be a 
Line inclined to the Horizon. It would be even 
horizontal, if the refracting Surface were vertical. 

Tur Refraction therefore depends on two Con- 
ditions, without both of which it could not take 
Place. The firſt is, the Obliquity of Incidence on 
the Part of the moving Body. The ſecond is, that 
there muſt be more Reſiſtance in one of the Mediums 
than in the other. We will firſt prove this to be ſo 
in Fat; afterwards we will endeavour to ſhew the 


Cauſe of it 


N 3 EX PERI. 
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EXPERIMENT 1. 


Pk EPARATION. 


Tu Machine repreſented in Fig. 2. at 21 Feet 
above it's Baſe has a little Braſs Pipe I, through 
which is let fall a Ball of Lead of about an Ounce in 
Weight, into a Glaſs Veſſel L, which is 12 or 14 
Inches high, and at the Bottom of which is ſpread 
a little Clay or ſoft Wax, of the Thickneſs of an 

Tut Ball having ſhewn it's Place by this firſt 
Fall, the Veſſel L is filled with Water, and then the 


Rl 01A PINE time. 


Eprzers. 


Tur Leaden Ball, after this ſecond Fall, will be 
found in the ſame Place as it had marked out at its 
A 


EXPLANATIONS, 


IT appears by this Experiment, that the Ball of 
Tad | has , * it's firſt Direction, 
b whether 


1eT 
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whether it performed it's whole Motion' in the Air, 
or whether it fell partly in the Air, and partly in 
the Water, For why ſhould it be turned out of it's 
Direction, if the Obſtacles it met with are always 
expoſed alike to all it's Parts? Or if the Effort of 
it's Gravity, which it complied with, had nothing 


elſe to overcome but Reſiſtances that yielded all to- 


gether, with the ſame Facility, or which retarded it 
in equal Quantities ? Let us conſider this Ball at dif- 
ferent Moments of it's Fall. 

FI Rs, while it is yet entirely in the Air, this 
Fluid, which we ſuppoſe at Reſt, and of an uniform 
Denſity about the moving Body, does nothing but 
retard it's Velocity, But this Reſiſtance has no In- 
fluence on it's Direction, becauſe 1 indifferently 
on all Sides. ; 

SECONDLY, we may ſay the ſame thing, if we 
conſider the Ball at the Time that it plunges itſelf 


into the Water. For the Difficulty that it finds to 


open itſelf a Paſſage in this Liquid, tho? greater than 
that which it found in the Air, does not hinder it 
from going on towards it's Limit, but only from 
arriving there with as much Velocity, as it would 
have had in a Medium leſs reſiſting, 
LasSTLy, if we examine what is done during ha 
Time that the Ball paſſes out of the Air into the 
Water, and when it is yet partly in one, and partly 
in the other of theſe two Mediums; we ſhall eaſily 
conceive, that this Immerſion can alter nothing in 
is firſt Direction. | 


N 4 For 
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For when the Body M, Fig. 3. deſcends along 
the Line Pp; all the Parts of the Surface deſcribe 
Parallels as NT, t, and the Reſiſtance of the Me- 
dium is exerciſed upon the whole Hemiſphere N O s. 
When it begins to plunge, the Water reſiſts directly 
at O. And as it goes on to fink, the Parts OS, 
SR, RN, and their correſpondent Parts 05, 5r, rn, 
ſucceſſively partake of the Reſiſtance of the new Me- 
dium. But as theſe different Parts from Plains more 
and more oblique one than the other, from O towards 
N on each Side, the Reſiſtance of the Water during 

this partial Immerſion will inereaſe by Quantitics, 
which proceed continually decreaſing. 

Is all this we can perceive no Cauſe which ſhould 
make the Body M loſe it's firſt Direction. In 
Conſequence of it's ſpherical Figure, the Obſtacles 
which it meets at N, R, 8, @c. are exactly balanced 
by the Reſiſtances which are oppoſite, at the Parts 
u, r, 5, &c, and this Equilibrium always keeps the 
Centre M in the Line Pp. Therefore this Experi- 
ment proves, that an Obliquity of Incidence on the 
Part of the Body, is abſolutely neceſſary for Refrac- 
tion ; fince without this, it will continue it's Motion 
according to it's firſt Direction, although it may 
paſs out of a Medium of leſs Reſiſtance into one of a 
greater. 


APPLICATIONS. 
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APPLICATIONS. 


A nzavy Body, which it's own Weight cauſes 
to fall into the Water, will be found at the Bottom, 
in a Place which anſwers perpendicularly to that upon 
the Surface, by which it paſſed when it fell. 

Bur firſt, in order to this we muſt ſuppoſe, that 
the Fluid was at Reft during the Time of the Fall. 
For we know, that if a Body falls into a Stream or a 
Torrent, it is drawn away by che Current, at the 
fame Time that it complies with the Force of Gravity, 
'Tis for this Reaſon, that Men who are drowned in 
running Water, are never found over againſt the 
Place where they fell in. 

SzconDLy, the Figure of a Body which ſinks in 
2 Fluid, contributes much, either to make it keep 
it's firſt Direction, or to loſe it, independently of the 
Refraction. For this Figure may be ſuch, as to 
create Inequalities in the Reſiſtances of the ſame 
Fluid. For Example, if inſtead of making a ſphe- 
rical Bedy fall into Water, ſuch as is ſuppoſed in 
our Experiment, we ſhould make Uſe of an Hemi- 
ſphere, or the like, and it ſhould be directed parallel 
to it's plain Surface; it follows from the Explanation 
we have given above, that this latter moving Body, 
being more ſtopt on one Side than on the other, by 
the Fluid it ſeparates ; becauſe of it's Figure it would 
not keep it's firſt Direction, but would deſcribe a 
Curve-Line, tho in 4 very uniform Medium. _ 

1 | 448 
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Tis a thing which is well confirmed by a frequent 
but ſimple Experiment : As often as we throw a Body 
into the Water horizontally, that has an Edge, and 
is convex on one Side, ſuch as an Oyſter-Shell, or 
am other like thing; we never ſee it follow the Di- 
rection that has been given it; And if the Convexity 
is turned downwards, we ſhall often obſerve, that 
it riſes into the Air, notwithſtanding the Propenſity 
of it's own Weight, 
WI may alſo. obſerve, that heavy Birds, ſuch as 
Crows, Pidgeons, (fc. when they light on the ground 
aſter a long Flight, they never fail to bend their 
Wings and their Tail, to give themſelves a convex 
Figure below. This neceflarily directs them in a 
Curve, which is much lengthened, and which breaks 
their Fall. On the contrary the fame Birds, when 
they are young, light in a heavy Manner, and often 
hit themſelves againſt the Ground; becauſe they 
deſcend by a Line which is leſs inclined to the 
Horizon either becauſe they are yet unſkilled to 
take a Figure which may give them another Direc- 
tion, or becauſe their Feathers are as yet too ſhort, 
or their Limbs are too. weak to allow them ta do 
otherwiſe. | | | 


) of 
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EXPERIMENT UH. 


PREPARATION. 


AB C, Fig. 4. is a Quarter of a Circle, or a 
Quadrant, to which is fixt the Barrel of a Gun upon 
the Radius AB, and which is faſtened to a Wall, 
or to ſomething immovable, yet ſo as that it may 
turn about the Point B. At 18 or 20 Feet Diſtance 
is a Trough or Bathing-Tub, of the Length of 4 or 
5 Feet, and full of Water, the Surface of which is 
covered with a Piece of fine Gawſe ſtretched out, or 
with large Sheets of Paper, F is a Frame covered 
with Gawſe or Paper, which is about 18 Inches high, 
and 1 Foot wide. This Frame is erected perpendi- 
cularly to the Surface of the Water, and it's Baſe 
DE, which is a pretty heavy Board, is placed upon 
the Edges of the Trough, at a ſufficient Diſtance 
from it's Extremity G. Care muſt be taken to cover 
the lefſer End G of the Trough with a thick ſmooth 
Deal-Board, to ſecure it from Accidents, and upon 
which the Mark of a Ball may be perceived. Laſtly 
when every thing is thus diſpoſed, the Gun is 
charged with a ſufficient Quantity of Gun-Powder, 
and likewiſe with a Bullet of Lead which may fic 
the Barrel as near as poſſible. It is then directed 
. awards the Point I, fo that it 6 
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of about 30 or 40 Degrees with the Surface of the 
Water. Then it is diſcharged with a Piece of Match 
fixt at a. See the Figure. 


EryrFECTS. 


Ar rx the Ball has pierced through the two 
Pieces of Gawſe at I and K, inſtead of continuing 
it's Motion in this Direftion to come to L, it will 
hit the Deal-Board at H, according to a Line which 
will make an Angle with the firſt Direction in 
coming from A to K. This is eaſily ſeen by letting 
out the Water of the Trough, and then placing the 
Eye at I. For one may obſerve, that the Point H 
is ſenſibly above the firſt Direction; and that the 
Refraction it has ſuffered at the Point K, by entering 
into the Water, has made it withdraw from the Per- 
pendicular P p, more than it would have done if it 
had continued to move directly to I. 


EXPLANATIONS. 


*T'rs a Conſequence of the Laws of Motion, that 
2 Body will always incline to that Side where it finds 
the leaft Reſiſtance. For the Effect being propor- 
tional to it's Cauſe, a Body that meets two Obſtacles 
at the ſame Time, muſt ſuffer more from that which 
is the ſtronger, and likewiſe more eaſily overcome 


. But to overcome an 
Obſtacle 


Lectures in Experimental Pbilhpby. 205 


Obſtacle more eafily, is to beat it back a certain 
Quantity in leſs Time, or to beat it back more in a 
determinate Time. For whatever the Obſtacle may 
be, it never ſenſibly gives way in an indiviſible In- 
ſtant. The weakeſt therefore is that which ſuffers it- 
ſelf to be overcome in a ſhorter Time. 

Tux Air and the Water, through which the Bul. 
let in our Experiment has paſſed ſucceſſively, one 
after another have been Obſtacles to it's Motion: 
But as long as it was entirely in one or in the other 
of theſe two Mediums, the Reſiſtance being equally 
diſtributed to all the Parts of the anterior Hemi- 
ſphere, as we have ſhewn in our Explanation of the 
foregoing Experiment, it's Direction could undergo 
no Change. The Obſtacles, or the reſiſting Parts of 
the Fluid making an Equilibrium on all Sides, it 
muſt conſtantly perſevere in the Line A K, and after- 
wards in the Line K H. 

Ir the Equality of the Obſtacles againſt all the 
Parts of the anterior Hemiſphere » op, Fig. 5. keep 
the Body m in it's Direction, as long as it continues 
in one and the ſame Medium; it is plain that in 
paſſing obliquely out of Air into Water, this ſame 
Hemiſphere, during the whole Time of it's Immer- 
fion, meets with Obſtacles that are harder to over- 
come on one Side of it's Surface than on the other. 
The Point R, for Example, coming to touch the 
Water, finds more Reſiſtance than the Point Q, 
which as yet meets only the Air. So that the Equi- 
librium, between the Obſtacles on each Side being 
now ** the Center M inclines on the weaker 
Side 
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Side, and begins to forſake it's firſt Direction S T. 
But as the Difference between the Reſiſtance of Water 
and that of Air, depends chiefly on the Time to be 
employed in repelling each of theſe two Fluids, this 
Difference will increaſe in Proportion as the Velocity 
of the Body decreaſes. For if the Bullet were to re- 
pel the Air and the Water with an infinite Velocity, 
their Reſiſtances being then nothing, or infinitely 
ſmall, there would be no Difference between them. 
 TazrzEFORE the Motion of the Body M grow- 
ing more and more languid, by immerging into the 
Water; muſt feel the Effect of this increaſed Diffe- 
rence, . between the Reſiſtance that is made in the 
Part O RP, and that which acts agaioft O QN. 
So that the Centre M muſt more and more forſake 
it's firſt Direction, and deſcend through a ſmall 
Curve-Line, the laſt Element of which begins the 
new Direction U X, which the Bullet follows after 
it's total Immerſion. 


APPLICATIONS, 


Taz foregoing Experiment leads us naturally to 
an Obſervation, which may be of ſome Ulſe to thoſe 
who are deſirous to kill Fiſh in the Water, by ſhoot- 
ing them. with a Gun. However good Markſmen 
they may be, they would often fail of their Game, 
if they had no regard to the Refraction which the 
Bullet muſt ſuffer, at it's Entrance into the Water, 
What we have ſhewn above, proves that they mult 
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ſhoot lower than the Object; becauſe the Bullet al- 
ways riſes in the Water, when we ſhoot obliquely. 
'Tis true, as we cannot ſhoot but at a ſmall Depth, 
becauſe of the great Reſiſtance of the Water z and as 
the Weight of the Lead, when the Velocity is 
weakened, deftroys a Part of the Refraction by 
making it ſink ; and as beſides the Object has ſome 
Extent, which it is intended to hit ; it ſeems in Prac- 
tice as if this Change of Direftion, which the Bullet 
meets with at entering the Water, is a Matter of 
ſmall Importance, and ſo may be neglected. But we 
ſhould conſider this, that the Fiſh we would ſhoot is 
ſeen only by the Rays of Light, which proceed from 
it to us, which paſs obliquely out of Water into Air, 
and which therefore being in a State of Refraction, 
do not repreſent the Object to us in it's true Place. 
Add to this (which is more neceſſary to be obſerved) 
that the Refraction of Light is made a contrary way 
to that of other Bodies, as we ſhall ſhew when we 
treat of Opticks : So that the apparent Place of a Fiſh 
is higher than it's real Place. And this gives new 
Strength to the Reaſon before given, of ſhooting 
lower, tho* we had no Regard to the Refraction of 
the Bullet, 

| Due Rifraſtivns ace mote communly oblervedin 
flaid Mediums, yet we may ſay in general, that they 
take Place in all Bodies, even in thoſe that are ſolid, 
when the Body that penetrates them, meets obliquely 
with Layers of Matter, which are more reſiſting one 
than another. It happens very often, for Example, 


er I bore a Board with a Bodkin, — 
| WI 


DQN 


that are harder one than another; as is eaſy to ob- 


Incidence of the Body, when the Mediums continue 
| | che 
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with a ſmall and flexible Needle, that the Iron bends, 
and will not follow the Direction we ſtrive to give it. 


"Tis becauſe the Point has met obliquely with Parts 


ſerve in Deal, wherein this Kind of Refractions are 
often met with, For we often find Difficulty enough 
to drive a Nail in it to one's Mind, eſpecially if it 


be long and ſmall. 


ReyRACTI1ON is ſuſceptible of all Degrees of 
more and leſs. We have ſeen that it is nothing, 
when the Direction of the moving Body is perpendi- 
cular to the Surface of the refracting Medium. It 
begins with the Obliquity of Incidence, and increaſes 
as that increaſes in the ſame Proportion. For the 


| Ball which falls along ST, Fig. 5. ſuffers leſs Re- 


fraction than that which is directed according to 31. 
And if we recolle& what has been ſaid, to give a 
Rationale of Refraction in general, we ſhall eaſily 
perceive, even from the Inſpection of the Figure 
alone, that the Cauſe of this Effect increaſes in Pro- 
portion as the Immerſion becomes more oblique. 
For it is plain, the more the Direction is inclined to 
the Surface of the Water, the longer Time the Part 
ORN of the anterior Hemiſphere is in the Air; 
and conſequently, the Reſiſtance made by the Water 
on the Part OR P, will have ſo much the more Ad- 
vantage over that, which acts againſt the correſpond- 
ing Points OQ N. 

Bur in whatever Degree we conſider the Refrac- 


tion, we ſhall always find it proportional to the 


a 
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the ame, And we may judge of it by comparing 
the Angles of Incidence ACP and BFD, Fig. 6. 
with thoſe of Refraction aCp and 5 Fd, which are 
meaſured by the Lines PA, ap, which are the Sines 
thereof, For if PA is to ap, as 2 is to 3, the two 
ſimilar Lines DB and d, which repreſent the Caſe 
of a greater Degree of Refraction, have ſtill the ſame 
Ratioto each other. 

Wr muſt not undertake to prove this by Experi- 
ments; for the Difficulty of directing heavy Bodies 
in Lines that are perfectly ſtrait, and oblique to the 
natural Direction of their Gravity, will not ſuffer us 
to do it. We ſhall find a convenient Place to do 
ſomething of this Kind, when we come to treat of 
Light, which is without the 33 above 
mentioned. 

We ſhall only add, and we ſhall prove it in Fact, 
that when the Incidence arrives at a certain Point of 
Obliquity, the Refraction will be made out of the 
refracting Medium, and which will then be called 
Reflexion, So that, for Example, a Stone or a 
leaden Bullet, inſtead of paſſing out of Air into 
Water, as we have ſeen before, ſhall raiſe itſelf up, 
after having touched the Surface, and form with ir 
* the ſame Angle as it mad in 0 See - 


n EXPE- 
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EXPERIMENT Ill. 
PRxEPARATION. 


Tux Quadrant of Fig. 4. muſt be diſpoſed in ſuch 
Manner, that the Gun-Barrel and Line of Direction 
MN (Fg. 7.) muſt make with the Surface of the 
Water N P an Angle of about 5 Degrees ; and at the 
other End of the Trough muſt be placed a Plank of 
ſoft Wood S, which muſt ſtand perpendicular to the 
the Surface of the Water, and preſent it's Face 
length · wiſe to the Trough. Alſo a Frame of Gawſ 
muſt be placed perpendicular -to the Surface of the 
Water, of about a Foot in Length. The Gun be- 
ing charged as before muſt be fired off. 


EFFECTS. 


Tu Bullet being come to N, inſtead of entering 
into the Water, and there ſuffering a Refraction as 
before, it rebounds from the Point of Contact, and 
goes on to the Plank at S; making it's Angle of 
Reflexion ONS nearly equal to that of Incidence 
MNP. | 


ExPLANA TIONS 
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EXPLANATIONS. 


In explaining the Cauſes of Refraction above, we 
have ſhewn, that the Reſiſtance of the Medium 
againſt a Ball that moves in a Right-Line, is exerted 
upon half of the ſpherical Surface N On, Fig. 3. 
We have alſo ſhewn in explaining the ſecond Expe- 
riment, that when this Hemiſphere comes to touch 
two Mediums at the fame Time, one of which re- 
fiſts more than the other, the whole Body,. of which 
it is a Part, inclines moſt on that Side which is 
weakeſt, Whence it follows, that this Deviation muſt 
be ſo much the greater, as the reſiſting Fluids differ 
more from one another, and that the weakeſt of the 
two poſſeſſes the greateſt Part of the Hemiſphere 
PROQN, Fig. 3. The Reſiſtance of the Air is 
very ſmall, or continues. but a ſhort Time in Com- 
pariſon of that of the Water. And when the Buller 
is directed according to a Line much inclined, as it is 
in our Experiment; one may eaſily fee by the Figure, 
that the Part which anſwers to the Air, is much 
greater than that which touches the Water. Thus 
the Exceſs of Reſiſtance on the Part of this latter 
Medium becomes as a 'fixt Point, which refuſes 
Paſſage to the Body for ſome Time, enough to give 
it Opportunity to continue it's Motion in the Air, 
which gives way to it very readily, 


O 2 HiTHERTO 
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HiTHERTO we fee plainly enough, why the 
Bullet does not enter into the Water, and why it 
finiſhes it's Motion in the Air, after having touched 
the more reſiſting Medium by a very oblique Direc. 
tion. But it muſt be allowed, that what has been 


ſaid is not ſufficient to ſhew, what it is that deter- 
mines ĩt to riſe upwards by another oblique Direction, 


which is found in the ſame Plain as that of it's In- 
cidence, For tho” it muſt finiſh it's Motion in the 
Air, it does not follow from thence that it ſhould be 
obliged to raiſe itſelf up again, after having once de- 
ſcended. If there were no Cauſe to produce this 
Effect, we could only expect to ſre the Ball flide or 
roll upon the Surface of the Water, when it had 
once got to it, and that it continued to have ſufficient 


Velocity to render the Effect of it's Gravity inſenſible. 


In a Word, -all that the Reſiſtance of the Water can 


do, is to hinder the Body from paſſing through it. 


But while we conſider in it only an invincible Ob- 
ſtacle, we do not ſee how it can determine that Body 
to 'mount, which at the Point of Context ſeems to 
have a Propenſity to deſcend. There is therefore 
ſomething farther to be conſidered, whether it be in 
the Water that reflects, or in the Ball which ſuffers 
this Reflexion, or elſe in both of them, relatively to 


the Circumſtances in which they are found in our Ex- 


periment, But as what paſſes here at the meeting of 
a- fluid Surface, in the Caſe of a very oblique Inci- 


dence, happens always when a Body falls upon 2 


ſolid Plain at all Inclinations whatever ; we ſhall for- 
bear to examine the Cauſe of i it, till we ſpeak of re- 
| flected 
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flected Motion in the following Section. It is 
enough for us to Mention at preſent, that there may 
be ſuch an Obliquity of Incidence, as that the Surface 
of the Water may have the ſame Effect in Reſpect of 
a Ball of Lead, or any other hard Body, as if it were 
a ſolid and impenetrable Plain. 


APPLICATIONS, 


Tur Experiment we have now explained, may 
ſerve as a Caution to thoſe who ſhoot into the Water. 
If they do not ſhoot at a near Diſtance, or from ſome 
Eminence, the Direction of the Ball may become too 
oblique, and therefore may not enter the Water at 
all. So that a Perſon who ſhould think himſelf very 
ſafe on the oppoſite Side of the River, may yet run a 
Riſque of being hurt. And it will always be a pru- 
dent Precaution, not to ſtand in the Plain of Re- 
flexion. In a Sea-Fight how many Cannon-Balls 
may be ſeen to riſe again, after they have touched 
the Sea, and do that by a reflected Motion, which 
they failed of doing by their firſt Direction? | 

Bur without going ſo far for ſuch terrible Ex- 
amples, a Sport among Children, which every Body 
knows by the Name of Ducks and Drakes, will ſhew 
us the ſame thing with leſs Danger. A Stone that is 
alittle ſharp at the Edges, and thicker in the Middle, 
if it is ſkimed very obliquely on the Surface of the 
Water, will riſe again at the Point of Contact, for 
Reaſons which we have already produced. And if it 
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has received a ſufficient Quantity of Motion, and it's 
own Weight ſhall determine it a-new to an oblique 
Incidence, it gives Occaſion to a new Reflexion; 
and this will often be repeated five or ſix Times 


ſucceſſively. 


Sou Experiments which 1 155 made with Cate, 
but which I have not yet had Opportunity to make 
in great Work, or not ſufficient to eſtabliſh an ex- 
act and circumſtantial Theory, have already confirm- 
ed me in the Opinion I had entertained, that the 
Surface of the Water does not begin to reflect under 
the ſame Angle, or at a like Obliquity with that of 
Incidence, all Sorts of Bodies indifferently. I have 
obſerved, that a Ball of 6 Lines Diameter entered 
into the Water, when it's Direction made an Angle 


of 6 Degrees with the Surface; when a larger Ball 


at the ſame Incidence was reflected. And I doubt 
not but that Cannon-Balls would do the ſame under 
a much greater Angle; and that this varies as the 
Diameters of the Balls vary. The Reſiſtance of the 


Water is ſo much the greater, as the Parts ſtruck 


againſt are in a greater Number, When a ſpherical 
Body falls upon it's Surface, and comes to touch i 
with a confiderable Moffon ; we are not to thiok it 


s done in one Point only, but always in a Segment, 


which Segment finds fo much the more Reſiſtance, 
as it makes a Part of a greater Sphere. For having 
greater Extent with leſs Convexity, it ſtrikes more 
directly, and a greater Number of the Parts of «ht 
Water, 


Ar rr! 


Lectures in Experimental Philoſopby. 215 
AFTER having now examined the Changes which 
happen to the Direction of a moving Body, when it 
meets an Obſtacle which it can penetrate, or in 
which it can continue it's Motion; let us now ſee 
what may happen to the ſame Body, when the Ob- 
ſtacle is a ſolid Body, which refuſes it a r. 


through it. 
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SECTION II. 


Of Refa MOTION. 


N the foregoing Section we ſuppoſed, that the 
Obſtacle which endeavoured to change the Di- 
rection of the Body in Motion, was a Matter which 
it could penetrate, and in which it was able to con- 
tinue it's Motion for ſome conſiderable Space, ſo as 
to give Means to obſerve whether it complied with 
a new Determination. Now we ſuppoſe the Ob- 
ſtacle to be invincible, an impenetrable Maſs which 
it cannot remove, nor open itſelf a Way to paſs far- 
ther. I ſay, ſo paſs farther; for as there is no Mat- 
ter which is. perfectly hard, and of which the Parts 
0 4 will 
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will not yield to a ſufficient Force, when one Body 
ftrikes againſt another ; when even this laſt cannot be 
diſplaced becauſe of it's Magnitude, there is always 
made ſome Hollowneſs or Sinking at the Place of 
Contact. And if this Sinking is ſuch, as that the 
Body can inſinuate itſelf into the Maſs; as when a 
Cannon-Ball enters the Ground, or when a Muſket 
Buller is diſcharged into Sand, or a Heap of Snow 
then the Obſtacle thus penetrated becomes a new Me- 
dium, and if there is any Refraction, it will be per- 
formed according to the Laws already eſtabliſhed, - 

- - Tax Obſtacle, or the Body that is ſtruck, being 
ſach then as we here ſuppoſe, immoveable as to it's 
whole Maſs, but flexible as to it's Parts; the Que- 
ſtion is to know, How the moving Body will be di- 
reed after the Stroke. 

Bur before we anſwer this Queſtion, it will be 
neceſſary to examine, Whether the Body that ſtrikes 
will continue it's Motion ? For if it is to ſtop with- 
out farther'Motion, it would be in vain to ſeek for 
it's Direction. And there are a good many Caſes, 
in which the Obſtacle will reduce it to Reſt, without 
reſtoring any Part of what it will loſe. 

To fix our Ideas, let us conceive a Ball of Steel 
to 'be thrown againſt a Wall. And for the greater 
Simplicity, let us look upon the ſtriking Body as 
perfectly hard, and only conſider the Flexibility of 
the Body that is ſtruck. In the firſt Inſtant of Con- 
tact the Ball will exert, againſt a very ſmall Space of 
the Stone which it hits, an Effort which will be as 
it's Maſs and it's actual Velocity. This ſmall Num- 

N ber 
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ber of Parts, thus compreſſed by the Steel, will yield 
to it's Motion, and retire back upon the Parts that 
are neareſt, and thoſe upon the next. The Stone 
thus condenſes in this Place, and a little ſinking is 
made. But this Effect is not produced with a Ve- 
locity equal to that which the Body had at the Mo- 
ment it began to touch ; for that which was diſplaced 
made ſome Reſiſtance, and every Reſiſtance (tho? at 
laſt overcome) deſtroys a Part of the Force which 
made it give way. Thus at the End of the firſt In- 
{tant the Ball of Steel will be retarded, and it's Effort 
at the Beginning of the ſecond Inſtant will be leſs 
than it was at the firſt. | 

Now as the Parts that were ſtruck during the firſt 
Inſtant retired backwards, their Sinking or Introceſ- 
fion has given Way for the Ball to touch the Stone 
according to a larger Surface, The Body therefore 
will loſe more of it's Velocity during the ſecond In- 
ſtant than the firſt, . Firſt, becauſe it will have more 
Particles to repel ; and ſecondly becauſe thoſe of the 
Medium which were driven in before, reſiſt more 
than they could do during the firſt Inſtant. For 
then the Matter ſtruck was leſs condenſed, and the 
ſtriking Body had more Motion. 

WI fee by the Examination of theſe two Inſtants, 
that the Steel Ball, in penetrating into the Stone or 
Rock, muſt diminiſh in it's Velocity by Quantities 
which go on always increaſing ; ſince the Parts that 


receive 'it's Effort multiply at every Inſtant; and 


finding themſelves more and more ſupported by thoſe 
behind 
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behind them, their common Reſiſtance increaſes at 
leaſt in the Ratio of theſe two Cauſes. 

Tut Velocity of the Body may be retarded either 
uniformly or not. This Diminution cannot hinder 
it from perſevering in it's firſt Direction, as long as 
it has any Motion at all. So that the Cavity which 
is made in the Stone will not be compleat till the 
Ball ceaſes to move. And, on the contrary, we may 
conclude, that the Ball is reduced to a State of Reſt, 
when the Parts of the Stone retire no longer, 80 
that if no new Cauſe is then found, to communicate 
Motion to the Ball ; as it has intirely conſumed what 
it had received at it's firſt Determination, we ſee it 
cannot move any longer. And indeed Experiment 
ſhews us, that it moves no more, For if the Part 
. of the Wall which is expoſed to the Stroke, 1s ſoft 
Stone or Plaſter, the Ball remains in the Hole it has 
made, or elſe it falls back by it's own Weight, if no- 
thing hinders it, 

Bu r it is not ſo if the Obſtacle it meets with is a 
hard Stone, We ſhall then ſee it rebound after the 
Stroke, and a different way from it's firſt Direction. 
This is called reflected Motion, We will ſee then 
what is the Cauſe of it, and what are the Laws by 
which it is governed. 

In the Stone, as well as in the Plaſter, there is 
made during the Stroke a Hollowneſs or Sinking, 
which only differs according to more or leſs. But 
when the Obſtacle is elaſtick, ſo that the Parts drove 
in have the Power of reſtoring themſelves, in the 
Place and in the Order they had before they were 

We... . diſplaced ; 


Lectures in Experimental Philoſophy. 219 
diſplaced ; it is eaſy to ſee why the firiking Body 
begins to move again, and what determines it to u 
Direction different from that it had before. For the 
Parts forced in, by reſtoring themſelves again drive 
back the Body before them, 299 
rection they themſelves have. 

Now all elaſtick Bodies are not equally ſo; 0 
may affirm, that we know none that are perfectly ſo. 
Yet we will ſuppoſe them ſuch at preſent, to make 
our Theory the more fimple; and we will firſt con- 
ſider the direct Stroke, that is to fay, that of a mo- 
ving Body directed perpendicularly againſt the Sur- 
face of the Obiſtacte. 

SvyyosinG the Obſtacle DE, Rag. 8. to 150 
Body of which the Elaſticity is perfect; the Point 
of Contact A, drove on to B by the Effort of 
the Body C, ought to return back from B 40 A, with 
a Velocity equal to that with which it was diſplaced. 
The Body C, which it drives before it, deſcribes the 
ſame Space in the ſame Time. And when by this 
Reaction it is become again a Tangent to the Sur- 
face DE, it finds the ſame Degree of Motion to go 
from A to F, as it had when paſling from F to A, 
it began to make the Cavity dBe. Thus an Ob- 
ſtacle, whoſe Elaſticity is perfect, would reſtore to 
the Body, by a compleat Reaction, all the Motion it 
had deprived it of, during the Time of the Com- 
preſſion. We are now to regulate 22 — 
this reflected Motion. 

| In explaining Refraction we have ſhewn above, 


that when the Body M (Fig. » 
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upon a refracting Medium, it does not leave the 


Line of it's firſt Direction, and that as well after, as 
before the Immerſion, it tends to the ſame Form. Be- 
cauſe all the Parts of it's anterior Hemiſphere are 
equally ſuſtained by the Reſiſtance of the Fluid ; and 
that there is no Cauſe that can favour or abate it's 


Motion more on one Side than on the other. For a 


like Reaſon, if the Surface DE is ſolid and perfectly 
elaſtick, the Body which comes from F to A, after 
having made the ſinking 4 Be, will be ſent back in 
the ſame Line exactly, and towards the Point F; 


becauſe the correſponding Parts G, H, comply with 


Reactions that are perfectly like, the Equilibrium of 
which-neceflarily keeps the Center C in a Line, the 


Terms of which are A, F. 
Wr have before proved (ſee Fig. 5.) that in the 


Cafe of 'oblique Immerſion, the Body forſakes it's 
firſt Direction; and we have ſhewn the Cauſe of it, 
in the Inequality of Refiſtances, which act upon the 
Points P, R, O, Q, N, duing the Time that this 
Hemiſphere is plunged into the refracting Medium. 
We have alſo obſerved, that in this Deviation of the 
Body cauſed by Retardments, which go on always 
increaſing till it is plunged, the Centre M deſcribes 


a little Curve M V. 


Tur ſame thing happens, and for like Reaſons, 
when a ſpherical Body falls obliquely upon a ſolid 
and elaſtick Plain, Fig. 9. The Parts drove in are 
ſo many little Springs, which have been bent by the 
Effort of the moving Body, and which ſlacken it's 


Ln and more, till at laft it has confumed 


2 | all 
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all the Motion it had, when it began to touch the 
Surface of the Plain in I. Thence proceeds the little 
Curve i, deſeribed by the Centre of the Body. 
And it is manifeſt, that if this Plain (ſo drove in) 
were to End at the Point L, the Ball would eſcape by 
the Line LM, and conſequently it's Centre would 
deſcribe the Parallel /m. 

Bur during the Time of it's being thus forced in, 
as it touches the Plain according to a Surface, and not 
in a Point; and as all the Springs which it has bent, 
will unbend themſelves ſucceſſively, and according to 
the Order in which they-have been compreſſed ; a 
double Effect will proceed from hence. Firſt, it re- 
aſſumes it's firſt degree of Motion, becauſe it is re- 
pelled by as much Force as compreſſed it. Secondly, 
it will-aſcend again by a Curve MP, Fig. 10 like to 
that which it followed in making it's Cavity; becauſe 
the Springs it has bent will unbend themſelves againſt 
it's poſterior Part, and give it a Velocity which is 
accelerated from M to P; juſt as that which it had 
at firſt was retarded from I to M. Thus as the Ex- 
tremity I of the Line of it's Incidence was the begin- 
ning of the firſt Curve, ſo that of it's Reflexion PQ 
is the Continuation of the ſecond. And after this 
Manner the Angle RM Q will become equal to 
SMT.. 

Tux Equality of the Angles of Incidence and Re- 
flexion may be demonſtrated in a more geometrical 
Manner, if we admita Principle which will be proved 
after wards, when we come to ſpeak of compound 
Motion. That is, that the Body which defcribes the 

| F Line 
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Line T M does the fame as if it had been influenced 
by two Powers, one of which would have given it a 
Velocity neceſſary for deſcribing the Line TV, while 
the other ſhould make it deſcend from the Height 
TS. When it is arrived at M, if any Cauſe what- 
ſoever ſhould annihilate it's Motion downwards, with- 
out diminiſhing that which urges it horizontally; it 
is evident that in 4 Time equal to that which it takes 


being no longer influenced but by a ſingle Power, 
But inſtead of this Suppoſition, when the Body is at 
M. if the Power that urged it downwards ſhould all 
of a ſudden be converted into another equal Force, 
which urges it to move upwards, it will doubtleſs 
aſcend along M Q, with the ſame Degree of Velocity 
with which it deſcended along T M. But we have 


ſeen. before, how of theſe two Motions, of which 


the oblique Incidence is compoſed, that which is 
perpendicular to the Plain is annulled in the moving 
Body, and is changed in a like Degree into an other, 
which is oppoſite in the ſame Line. 
H1iTHz& To we have ſappoſed the moving Body 
to be inflexible, and we have only conſidered the 
Elaſticity of the refleing Plain. But it is eaſy to 
conceive, that the fame Effects muſt take Place, if 
the Plain is perfectly hard, and the Ball is an elaſtick 
Body. For in the Stroke it would grow flat, and the 
Parts beat in, by reſtoring themſelves, would be 
ſapported by the Plain, and would- repel the Body 
with the fame Velocity, with which they had been 
compreſſed, and in the contrary way. 


InDEED 


up in coming from T to M, it will go from M to R, 
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In Ds neither of theſe two Suppoſitions are 
exactly conformable to Nature. For as we know 
no Bodies that are endued with perfect Elaſticity, fo 
we know none that are quite deprived of it. So that 
whenever there is a Reflexion, we may affirm, that 
both the moving Body and the Obſtacle have 
their Share in it, according to their be of Ela- 
ſticity. 

Ir may allo happen, that a third Body, 3 | 
between each of them at the Time of the Shock, 
may have ſome Share in the reflected Motion, by 
performing the Office of a Spring, which one way 
unbends againſt the Obſtacle, and the other way a- 
gainſt the moving Body. And then whether the 
Incidence be direct or oblique, we may expect all 
that has been hitherto explained, when we ſup- 
poſed. only the Obſtacle or the Body ftruck, to be 
elaſtick.. | 
+ IT appeats then, that the Things moſt neceſſary 
to be known, concerning reflected Motion, may be 
redated to theſe two Heads. Firſt, that Elaſticity is 
a neceſſary Cauſe of Reflexion. Secondly, that the 
Direction of reflected Motion is ſuch, that the Angle 
of Reflexion is equal to that of the Incidence of the 
moving Body, when the Reaction is perfect. 

Tno' theſe two Propoſitions cannot be proved by 
Experiments that ate rigoroaſly exact, becauſe we 
know no Body endued with perfect Elaſticity, or 
that has none at all; and beſides the Gravity of the 
moving Body, and the Reſiſtance of the Air will 
hinder ſome Part of the Effects; yet we may ſhew 
nearly 


will repreſent to us ſufficientiy what has been now 


fixt at any Degree of Inclination required, by Means 
of a Claſp and a Skrewat A. C is a little Braſs 


Pipe C, whether it comes perpendicularly to the Sur- 
face of the Ciſtern, or whether the Ciſtern preſents 
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nearly what ought to be, by ſhewing what is. We 
ſhall take Care to obſerve, when any thing foreign 
mingles itſelf with the Facts; and the Remainder 


EXPERIMENT FI. 
PREPARATION. 


+ San diarhice mbich in ceprofenced: by. Re. 11, 


ought to be placed in ſuch a Manner, that it's Baſe 


ſhall be in an horizontal Plain. AB is a Ciſtern of 
about-an Inch deep, which is filled with Clay mixt 


with fine Sand, in ſuch Quantity as to be very ſoft, 


and yet not too clammy. This Ciſtern or Tray can 
move upon a Hinge, which is at A, and may be 


Pipe fixt to a running Spring, which ſlides in an open 
Groove in the Arm of the Frame, through which a 


| leaden Ball may paſs, which is fitted to it. 


Errz ers 


Wu the Leaden Ball is dropt through the little 
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itſelf obliquely to the falling Ball, it makes a ſinking 
in the ſoft Earth, and the Ball there loſes it's whole 


Motion, 


EXPLANATIONS. 


Wren the falling Ball begins to touch the ſoft 
Earth, it has then a certain Quantity of Motion. 
'Tis at the Expenſe of this Motion, that it diſplaces 
a Portion of this ſoft Matter. It muſt then ceaſe to 
move, when the Parts it meets at Reſt in it's Direc- 
tion have been removed ſo far off, as the Quantity of 
ts Effort required. And it cannot ceaſe ſooner, 
becauſe a Body in Motion cannot be reduced to a 
State of Reſt, but by an Obſtacle, the Reſiſtance of 
which is equal to the whole Quantity of it's Force. 

WurzTHER a Ball falls perpendicularly upon a 
Plain inclined to the Horizon, as in one of the two 
foregoing Experiments; or whether it comes by an 
oblique Line againſt an horizontal Plain, as is repre- 
ſented in Ng. 12. tis juſt the ſame thing as to the 
Effect that will follow. And if the Plain is flexible, 
and without Elaſticity, as we ſuppoſe it to be, the 
Motion of the Ball muſt be entirely deſtroyed there- 
in, as'well as in the foregoing Caſe. For the oblique 
Direction makes no Change in what we have ſaid a- 
bout the perpendicular Fall. At moſt it can only 
cauſe a little Refraction, which we may neglect, be- 
cauſe! we ſuppoſe. the finking to be but little confi- 
derable. But it has nothing of itſelf, which can raiſe 
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the moving Body above the Plain, which it has once 
approached to. 


APPLICATIONS. 


Bov1zs without Elaſticity, or which have it but 
very imperfectly, are fitter than others to ſubdue 
violent Efforts ; becauſe they retard the Velocity of 
the Body by Degrees, and reduce it to Reſt by yield- 
ing from more to leſs. To underſtand this well we 
may conſider, that there is no Motion, however quick 
it may be, but takes up a determinate Time. Thus 
when the Body M, Fig. 13. deſcends along the Line 
DE, to make Room for it's Hemiſphere in the ſoft 


Earth; tho* to Senſe this Effect may ſeem to be per- 


formed in an indiviſible Inſtant, yet we may con- 

ceive the Time of this ſinking to be divided (as it 

were) into ſeveral equal Moments, during which the il | 
Body exerts it's Force againſt the yielding Particles. 
But this Force diminiſhes at every Inſtant, and it di- 
miniſhes by Quantities which increaſe much faſter 
than the Times. For at the ſecond Moment, the 
Reſiſtances are in much greater Number than in the 
firſt; becauſe the Hemiſphere (being farther ſunk) 
will preſent a greater Surface to the ſoft Earth, which 
it muſt repel: And the Parts already compreſſed, 
make a greater Struggle againft being removed. We 
may therefore conſider the three Spaces D, FE, E, # 
the Reſults of three equal Moments, during which 
. in deſcrib 
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Ar Obſtacles which thus give way, partake of 
the Effort of the moving Body, and ſtop (as it were 
at ſeveral Times) a Force which could not fail of ſur- 
mounting them, if their whole Action was contracted 
into a ſhorter Time. For could. a Drum, for In- 
ſtance, withſtand the Force of one Stroke, which 
ſnould be equal to the Sum of all the Strokes, im- 
preſſed by the Sticks in an Hour's Time? An Oaken 
Plank cannot ſtop the Force of a Muſket-Ball, which 
a Sack of Wool would deaden in a ſhort Time. 

Tis for a like Reaſon, that we are not hurt by the 
Falt of a hard Body, which we receive within our 
Hands, provided the Hand yields for ſome Mo- 
ments, and does not ſtiffen itſelf againſt it. We 
ſhould run a Hazard of breaking the Rope, when we 
ſtop a Boat carried away by the Stream of a River, if 
we had not the Caution to let it run out by little and 
little, and ſo overcome the Jirk by degrees, 


EXPERIMENT II. 


PREPARATION: 


We make Uſe of the ſame Machine for this Ex- 
periment, which ſerved for the foregoing, and is re- 
preſented by Fig. 11. But inſtead of the Ciſtern 
filled with ſoft Earth, we put there a Slab of black 
Marble well poliſhed, and dawbed over with a flight 
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Coat of Oil; and the Ball made to fall through the 
little braſs Pipe is of Ivory. 


EFFECTS. 


Wax the Ivory Ball is let fall perpendicularly 
upon the Marble, after having touched the Plain, it 
rebounds by the ſame Line along which it fell; but 
not ſo high as the Place from whence it fell, And 
we may perceive upon the Marble a round Spot, 
which 1s about a Line i in Diameter. | 


- EXPLANATIONS. 


| Wa arT we have ſaid above, in diſcuſſing the Que- 
ſtion about reflected Motion, will ſuffice to explain 
the Fact now related. The Spot found upon the 
Marble, proves evidently that in the Shock there 
was a Compreſſion of Parts in one of the two Bodies, 
and probably in both, as we have ſhewn when we 
treated of Elaſticity. And after the Experiment 
ended, as we find the Sur faces in the ſame Condition 
they were in before the Contact, it is plain they have 
reſtored themſelves. And we have ſhewn, that this 


Reftoration, if it were perſect, would be ſufficient to 


give back to the Body all the Motion it had ſpent, in 
follow ing it's firſt Direction, but the contrary way. 
If this Effect has not it's full Force, *tis becauſe the 


Reſiſtance of the Air oppoſes it in ſome meaſure;. 
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and there is good Reaſon to think, that neither the 
Ivory, nor the Marble, reſtore themſelves with the 
ſame Velocity, with which they are compreſſed. ' 


APPLICATION. 


An elaſtick Body, that has been compreſſed, and 
then permitted to reſtore itſelf, does not return to it's 
firſt State, till after a certain Number of reciprocal 
Motions called Vibrations, which are eaſily perceived 
in a Plate of Steel, in the String of a Harpſichord, in 
a Branch of a Tree, and ſuch like; which has been 
bent, and then left to itſelf. This Motion, which 
brings back the elaſtick Body beyond it's Place of 
Reſt, proceeds from hence, that the compreſſed Part 
in reſtoring itſelf, takes again the ſame Degree of 
Velocity, which it had received at the firſt Inſtant of 
the Shock, and the contrary way, as we have before 
explained. Let us take for an Example a String of a 
Viol, or of a Harpſichord, Fig. 14. ſtretched between 
two fixt Points G, H; againſt this we make a ſolid 
Body to ſtrike, with a Quantity of Motion ſufficient 
to bring it from the Point I to the Point K. This 
Percuſſion lengthens the String ; for it is plain the 
dum of the two Lengths G K and H K is greater than 
GH, If it can freely reſtore itſelf, it's Spring will 
bing back the Point K to I, and then it will have, 
n the Direction I L, a Velocity equal to that which 
the Percuſſion had given it to go to K. This Velocity 
muſt have it's Effect; it will tranſport the Point I 
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towards L, until ſufficient Reſiſtances will finally 
make it ceaſe. Now if the middle of the String 
moves in this Manner, the Parts that compoſe it on 
each Side muſt be lengthened, and their Reſiſtance 
will more and more weaken this Motion. It will 
end at laſt, when. the whole Velocity of Reaction is 
ſpent. And it is eaſy to ſee, that in returning from 
K to 1, if the String is found to have the ſame De- 
gree of Velocity that it had received by the Stroke, 
todeſcend to K, the Line I L ought ro become equal 
to IK. If the Elaſticity was perfect, and theſe Vi- 
brations were performed in a Medium that had no 
Reſiſtance, theſe Sorts of Motions would be perpe- 
tual. For when the String is arrived at L by virtue 
of it's Reaction, it has the ſame degree of Tenſion 
which it had when it was ſtretched at the Point K; 
and conſequently it would have the Force neceſſary 
to return thither at the ſecond Vibration. We may 
ſay as much of the third, and of others ad inſinilun. 
But the Reaction being neyer compleat, for the Rea- 
ſons mentioned before, the ſecond Vibration has leſs 
Extent then the firſt, and the third till leſs than the 
ſecond ; and theſe Diminutions at laſt reduce the 
String to it's firſt Condition. 

- I Havsz taken a String as an Example, in \ order to 
make this Explanation the more lib z but we 
ſhould conceive, that the fame thing happens to all 
elaſtick Bodies, except a Difference of more or leſs, 
according to the Figure and Rigidity of the Parts. 
Thus the Parchment of a Drum becomes alternate!y 


eancave and convex 3 d (be Ball of Ivory wo) 
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fell upon the Marble, did not reſume it's ſpherical 
Figure, till after having been for ſome Time an El- 
ſipſoid, of which the greateſt Diameter is fucceſſively 
both horizontal and vertical, Fig. 1 5, 

'F1s a Thing remarkable, that the ſame Spring 
makes all it's Vibrations iſochronal, that is, perform- 
ed in equal Times, whether they are ſmall or great. 
And we had then an Opportunity of ſeeing the Proof 
of it, when we ſhewed the Uſe of the Machine, 
Fig. 9. of Lefure 3. with which we meaſured the 
Degrees of Friction. For by comparing the Vibra- 
tions of the ſpiral Spring, with the Oſcillations of a 
Pendulum that vibrates Seconds, we ſhall very eaſily 
obſerve, that the firſt and the thirtieth (for In- 
ſtance) are performed in Times that to Senſe are 
equa]. 

IT is farther to be obſerved, that diſtended Springs 
reſtore themſelves with ſo much the more Velocity, 
as more Force is required to bend them. Thus tho” 
two thin Plates ſhould be equally elaſtick, if one of 
the two is more flexible than the other, it will make 
Vibrations that will have leſs Extent, but which will 
be more frequent; which we ſhall ſhew hereafter, 
when we-come to ſpeak of Sounds. 


EXPERIMENT II. 


PREPARATION. 


For this: Experiment we ſhall make uſe of the 


Machine, Fig. 11. which ſerved for the foregoing. 
P 4 But 
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But inſtead of putting the marble Slab or Table in an 
horizontal Situation, we ſhall now make it incline, 
as the Line AD. And we advance the little Pipe C 
in it's Groove, ſo that it may be directly over the 
Point E. 


EFFECTS. 


Ir the Ivory Ball falls upon the marble Table ac- 
cording to the Line NE, it will proceed along EF, and 
lodge itſelf in an Opening made in the Piece G, the 
Breadth of which is equal to the Diameter of the Ball. 
And on the Surface of the Marble may be obſerved a 
Spot, not perfectly round as inthe foregoing Experi- 
ment, but a little oblong, and ſituated in ſuch man- 
ner, as that it's greateſt Diameter will be in the Plain 
of Reflexion. 


ExPLA NATIONS. 


Ws have ſufficiently explained the Cauſes of Re- 

flected Motion, and Experiment ſhews us, that the 
Angle of Reflection A E F is nearly equal to that of 
Incidence HED, Therefore I need not ſo much 
inſiſt on proving the Equality of theſe Angles, as in 
ſhewing why the Angle of Reflexion is not ſtrictly 
and rigorouſly equal to the other. There are three 
Cauſes that concur to make it ſomething leſſer. Firſt, 
the Ball that ſtrikes, and the Plain that reflects it, 
have not a perfect Elaſticity ; therefore the Reac- 
tion is not compleat, Secondly, the Air that muſt 

$0 3 & 2 be 
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be divided to paſs from E to F, retards a little the 
Velocity of the Body. It is therefore a longer Time 
in it's Paſſage than it ought to be, and this Retarda- 
tion gives Occaſion for the Admiſſion of a third 
Cauſe. ' For thirdly, Gravity acts upon the Ball as it 
deſcribes the Line EF or EG, and impels it down- 
wards. Therefore inſtead of deſcribing an exact right 
Line, /it arrives at G by a curve Line, the Extremity 
of which is a little lower than the Direction of it's 
Refleted Motion would require. 

Bur tho” the Equality of theſe Angles cannot aka 
Place in the natural State, yet cannot we perceive even' 
through theſe Obſtacles, that it is nevertheleſs an 
eſtabliſhed Rule in Nature, and founded upon Laws 
that are generally acknowledged ? 

Tux little oblong Spot that we ſee upon the 
Marble after the Contact, is a clear Proof that a Ball 
which ſtrikes an Obſtacle obliquely, penetrates it by 
a curve Line, as we have ſaid above; and that it 
comes out of this Cavity by a like Line, Thus the 
longer Diameter of the oblong Spot is 8 
by the Line pi. Fig. 10. 


APPLICATIONS. 


Tux Games of Billards and Tennis, are almoſt 
entirely founded on the Rule we have now explained 
and proved. In one of them there is a ſpherical Body, 
which is commonly ſtruck againſt a Plain, according 
to an oblique or perpendicular Direction. In the 


other it is the Plain itſelf which is preſented to the 
Body, 
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Body, under different Angles of Inclination. And 
the principal thing in each, is to eſtimate well the re. 
flected Motion by the Angle of Incidence. 

Wu a Cannon - Ball diſcharged horizontally, 
comes to touch the Ground, it rebounds ſeveral times 
ſucceſſively ; and it's Marks are obſerved upon the 
Ground, which are much longer than they are wide 
or deep. *Tis the Bullet that grazes and mounts a- 
gain, as the Ball in our Experiment, obſerving two 
Curves which join together at the laſt Degree of ſink- 
ing, where the Reflexion commences. And as it's 
Velocity downwards, is much leſs than it's horizon- 
tal Motion; it deſcribes a very great Length, in the 
ſame Time that it deſcends to a very little Depth, 
And hence proceeds that great Difference that is ob- 
ſerved in theſe two Dimenſions, when the Traces we 
ſpeak of arc examined, | 


SECTION 
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SECTION m. 


Of the Communication of MOTION in the Calli 
of BODIES. 


LTHOUGH the ſolid Obſtacles, which 

ſtop or which refle& moving Bodies, have 
their Effects only in virtue of the Motion, which is 
communicated to them by the Body; and that this 
Communication is made according to the Rules that - 
we ſhall eſtabliſh in this Section; yet we have thought 
proper to treat ſeparately of this Action of Bodies, 
conſidered in the Caſe wherein the Body ſtruck, lets 
us perceive the Marks of the Percuſſion it ſuffers, by 
a ſenſible Removal of it's whole Volume. That is to 
ſay, that after having taught what happens to a Body 
in Motion, as well in Reſpect of it's Velocity, as of 
it's Direction, in relation to an immoveable Obſtacle, 
or which is conſidered as ſuch ; we ſhall now examine 
the Changes, of which both of them (the Velocity 
and Direction) are ſuſceptible, when the Obſtacle is 
removed by the Impulſe, or at leaſt may be ſo, And 
that we may proceed from what is more 3 

* 
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what is compound, we ſhall firſt conſider the Effects 
of Percuſſion in ſoft Bodies, wherein Reaction can- 
not take Place, in order to go on afterwards to the 
Collifion of elaſtick Bodies. 

Wr always ſuppoſe, in order to make our Theory 
more ſimple and eaſier to be apprehended ; firſt, 
that the Bodies which ſtrike, are endued with a per- 
fe& Elaſticity, or elſe have none at all. Secondly, 
that their Motions are performed in a Medium with- 
out Reſiſtance, and without Friction. So that the 
Doctrine we are going to deliver would be falſe, if 
the Facts exhibited ſhould be found to be exactly re- 
preſented by the Experiments. For the Hindrances, 
from whence we make Abſtraction, muſt neceſſarily 
have ſome Influence upon the Reſults. So that our 
Proofs ought not to paſs for concluſive, but when 
they ſhall appear to produce ſomething leſs than what 
might have been expected. Thus, for Example, if 
the Body A, coming to ſtrike the Body B, Fig, 16. 
ſhould make upon it the whole Impreſſion it is able, 
in virtue of the Motion it has at parting from the 
Point 4; it would then do too much, becauſe beſides 
this it muſt overcome the Friction, the Reſiſtance of 
the Medium, c. It would therefore exert upon the 
Body B, which is the laſt Obſtacle it has to overcome, 
only the Force which remains to it, after having ſur- 
mounted the others. And if we make no Reckoning 
of what it will have loſt in overcoming thoſe others, 
we cannot expect a compleat Effect, when the Per- 


cuſſion is performed at 5, 
We 
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Wr ſhall here only conſider the direct Colliſion, 
that is, ſuch as is made by two Bodies, whoſe Centres 
of Gravity are found in the Direction of their Mo- 
tions, as in Fig. 16. And to make the Execution 
more eaſy, we will make all our Experiments with 
ſpherical Bodies, which we will ſuſpend on very fine 
Threads, Fig. 20. that we may diminiſh the Frictions, 
and the Reſiſtance of the Air, as much as poſſible. 
And as we ſhall often have Occaſion to know the 
Degree of Velocity of theſe little Globes z we will 
keep them ſuſpended upon fixt Points, about which 
they may deſcribe Arches of Circles, which may be 
meaſured by Graduations, Fig. 21. What ſhall be 
afterwards taught concerning Gravity, will let us 
know, how by the Length of theſe Arches we may 
regulate the Velocity of the Bodies which deſcribe. 
them. This is a Method which has been ſucceſsfully 
uſed by many able Philoſophers, and eſpecially by 
Mr Mariotte. The Machine I make Uſe- of, and 
which is repreſented by Hg. 17. is the ſame as his, 
which I have rendered more convenient, and extended 
to other Uſes. | 

Brok the Appulſe of two Bodies, there is a 
Space between them to be paſſed over, either by one 
of the two entirely, or partly by one, and partly by 
the other; otherwiſe there could be no Colliſion. 
This Space cannot be paſſed over but in a certain 
Time, and the Duration of this Time, meaſures the 
relative Velocity of theſe two Bodies. That is to ſay, 
the Velocity with which the Diftance diminiſhes, 
whether one of the two continuesat Reſt, or whether 

. 


238 Lefures in Experimental Philoſophy. 
they both move the ſame way, or contrary ways, with 
equal, greater, or leſs Velocity than one another. 
So that if the two Bodies A, B, Fig. 16. at the Di- 
ſtance of 4 Feet, are joined together in a Second, the 
relative Velocity is the fame, whether B alone de- 
ſcribes the whole Space, or whether he meets A 
coming towards him at the ſecond or third Foot, G. 
provided that the Motion by which one approaches 
to the other, is performed in a Second. Therefore 
this relative Velocity muſt not be confounded with the 
abſolute Velocity, or the proper Velocity of each of the 
moving Bodies. For we fee, by this Example, that 
this may vary in ſuch Caſes as the other would not 
2 
Tux Relative Velocity being given, we e muſt ſtill 
confider the Maſſes. For the Body ſtruck, oppoſes 
it's InaQtivity to the ſtriking Body, and we have ſeen 
elſewhere, that this kind of Reſiſtance is meaſured 
by the Quantity of Matter contained and connected 
together under the ſame Volume. Therefore we 
ought to expect, that in the Colliſion, a great Maſs 
will receive leſs Velocity than a ſmaller. And to 
make the fame Body acquire more Motion, more alſo 
muſt be-given to the Body which is to communicate 
it. Becauſe the Inactivity not only refiſts Motion, but 
alſo a EN <p as we have proved 

elſewhere. 
Wu we ee Motion in general, we al- 
ways forbore to examine into the Nature of this Kind 
of Being, or rather of Modification, becauſe this Kind 
W eee to Metaphyſicks than to 
— 
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Experimental Philoſophy. For the very ſame Reaſon 
we ſhall not amuſe ourſelyes to examine how Velo- 
city paſſes from one Body into another. We ſhall 
confine ourſelves, to ſuch Facts as can be made ma- 
nifeſt ; and in running through the more general 
Caſes, we ſhall ſettle, by way of Experiment, ſuch 
Propoſitions as may be conſidered as Principles or 
Laws, to which we may reduce other Effects more 
particular, as ſo many Conſequences. 


_- 


ARTICLE I. 


Of the COLLISION of BODIES that are nob 
. elaftick, 


PROPOSITION I. 


Wurx a Body at Reſt is ſtruck by another Body, 
the Velocity of the ſtriking Body ought to be di- 
vided between both, according to the Ratio of their 
Maſſes, 

Tu ar is to ſay, that after the Shock the two Bo- 
dies will continue to move according to the Direction 
of the ſtriking Body; and that the Velocity of this 
being diminiſhed by the Reſiſtance of the other, the 
Remainder which is common to both will be ſo much 
the leſs, as the Body which is ſtruck ſhall have more 
Maſs, | | 


Tavs 


A 
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' Tnvs'the Body at Reſt being ſtruck by a Maſ⸗s 
equal to it's own, the Velocity after theroke will be 
reduced to one half. 
Tuxxx will remain two Thirds of the Velocity, 

if the ſtriking Body is double to the other. 

Ix it is the Body ſtruck which is double in Bulk to 
the other, the Velocity, after the Stroke, will be but a 
third Part of what it had before, We will bring theſe 
three Caſes to a Trial. 


EXPERIM ENT I. 
E. | - PREPARATION. } 


Taz Machine which is repreſented by Fig. 17. 
being diſpoſed in ſuch Manner, that the Plum-Line 
may be parallel to the Line AB; that the two 
Threads of Suſpenſion CD and E F may ſuſtain in 
one and the ſame Line, and at the ſame Height, the 
Centres of the two Balls of ſoft Earth, each of which 
weighs two Ounces ; and in ſuch Manner that being 
at Reſt, their Surfaces may touch in a Point; that 
the firſt Graduation of each of the two moveable Ru- 
lers G and H may be over againſt each of the 
Threads; and laſtly that the little Runner or Index L, 
may be placed a little before the third Graduation of 
the Ruler G, and the other Index M over ge che 
ſixth of the other Ruler H. 


* 


1 Errors. 
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EFFECTS. 


Tux Ball F being removed to M, arid then left to 
fall of itſelf by it's own Weight, will ſtrike the other 
Ball D. Each of them are flattened alike at the Place 
of Contact, and, after the Stroke, both of them move 
the ſame way, and the Thread, that ſuſpends the Ball 
D, goes to the Index L. 


ExPLANATIONS: 


Wazn the Ball F falls along an Arch of ſix Gra- 
duations, if it found no Obſtacle, it would aſcend 
along an equal Arch on the other Side. Of this we 
may be aſſured by taking the Ball D out of it's way; 
and we ſhall explain the Reaſon of it, when we come 
to treat of the Phænomena of Gravity. So that when 
it comes to F from the Point M, it's Motion is then 
ſuch, that it can raiſe it's Maſs of two Ounces into an 
Arch of fix Graduations. But a Force, which can 
tranſport a Maſs of two Ounces to fix Degrees Di- 
ſtance in a given Time, can tranſport a Maſs as big 
again but half that Diſtance in the ſame Time. But 
when the Ball F meets the Ball D, which does not 
ſuffer it to paſs farther without carrying it along with 
it; *tis a Velocity of 6 Degrees applied to a Maſs of 
4 Ounces : and both together will ceaſe to move, 
aſter having deſcribed only 3 Graduations, as the 
Experiment ſſie ws. 


VOL. I. Q Ar 
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Ar the Time of the Shock the flattening is made in 
both the Balls, and in the preſent Caſe this flattening is 
equal in both; which two Facts deſerve to be ob. 
ſerved and explained. 

We have ſaid already, that nothing i in Nature iz 
performed with Preciſion, and per ſallum. And the 
Effects that are moſt quick, and to our Senſes appear 
to be almoſt inſtantaneous, are always produced in a 
finite Time, that is to ſay, in a Time the Duration 
of which is not the ſhorteſt that we can conceive, 
When the two Balls begin to touch, the more ad- 
vanced Parts of the ſtriking Ball have already loſt 2 
Part of their Velocity, whilſt the Centre and the 
more remote Parts ſtil] retain theirs. Therefore 'tis 
not till after ſome Inſtants are paſt, (very ſhort ones 
indeed} that this lingring Maſs afſumes a Velocity 
equally retarded in all it's Parts. But if the Parts of 
a Body are moved ſome quicker than others, their 
relative Poſition, or (which is the ſame) the Figure 
of the Body muſt be changed. The flattening there- 
fore of the Ball F is an Effect, and alſo a Proof, of 
the Velocity being exceſſively retarded at different 
Times. 

Tux fame thing may be ſaid of the Ball that is 
truck. It does not paſs from it's State of Reſt, to 
three Degrees of Velocity all at once, The Parts 
that are immediately expoſed to the Shock are moved 
' ſooner, and quicker, than the Centre and the farther 
_ Hemiſphere. And theſe ſucceſſive Removals create 
an Introceſſion of Matter, which changes the Figure 

of the whole. 
Now 
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Now theſe flattenings in each of the Balls are cauſed 
by their Inactivity, which oppoſes any Change of 
State in both; and this Force of Inactivity is equal 
to the Maſs. So that in the Shock of two Bodies, 
of the ſame Matter and of equal Weight, the * 
tenings in each ought to be equal. 


EXPERIMENT l. 
PTA AAT 10. 
Taz Ball D is made of 4 Ounces, and the Ball F 


of 2 Ounces. The firſt remains at Reſt, and 6 De- 
grees of Velocity is given to the other. Other things 


are diſpoſed as in the foregoing Experiment. 


Errrers. 


Ar rx the Impulſe the two Balls continue to 
touch one angther, and deſcribe together two Gra- 
duationsʒ and the flattening of each is greater than in 
the foregoing Caſe. | 


ExXPLANATIONS, 


Tat Ball F by deſcending from 6 Graduations re- 
ceives 6 Degrees of Velocity; that is to ſay, it can 
carry it's own Weight the Space of fix Graduations 
on the contrary Side. But this Weight being en- 
creaſed by two thirds more, by the meeting of the 
Ball D, which it carries along with it, it's Force now 


— Q 2 | 7 
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is ſufficient only for one third Part of the Space which 
it would have deſcribed, if nothing had ſtood in ira 
way. 
Ass to the flattening, it ought to be ſo dived the 
greater, the longer Time the Body ſtruck reſiſts irs 
Removal: Since it is this Reſiſtance, as we have ſaid 
before, which interrupts the Uniformity of the Ve- 
locity in the Parts of each Ball. But in the preſent 
Caſe the Ball D reſiſts as much again as a Ball of 2 
Ounces would do. Therefore there was Room for 
the ſinking of a greater Number of Parts. 


EXPERIMENT. III. 


PREPARATION. 


Is this Experiment we proceed as in the two 
others, except only that we give to the Ball D which 
is at Reft, 2 Ounces of Matter, and tb the Ball F , 
Ounces, which we make to move with 6 Degrees of 
Velocity. | 


Errors. 
Tux two Bodies being united after the Shock, de- 
ſcribe. 4 Graduations, and the flattenings are not ſo 
ſtrong as in the two foregoing Caſes. | 


EXPLANATIONS. 
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ExPLANATIONS, 


WHAT we have ſaid to explain the two foregoing 
Experiments, may ſuffice to give an Account of this. 
We muſt always conſider the two Balls after the Per- 
cuſſion as making but one Maſs. And we ſhould 
conſider alſo, that 6 Degrees of Force, which can 
tranſport a Maſs of 4 Ounces a Space of 6 Gradua- 
tions, cannot tranſport one of 6 ounces ſo far. If the Re- 
ſiſtance of 4 Ounces can conſume the whole Force in 
deſcribing this Space, an Augmentation to the Weight 


of one third, ought alſo to diminiſh the Space by one 
third. And conſequently, inſtead of 6 Graduations 


which the Ball F would have deſcribed alone, and 
without an Obſtacle, being joined ro the Ball D, 
which it has put into en, it can now deſcribe 
but 4. | 
Bur as the Ball D, which weighs but 2 FAY 
reſiſts leſs than when it weighs 4 or 3, it has afforded 
leſs Occaſion to the ſinking of it's Parts; and on the 
other hand it has leſs retarded the anterior Parts of 
the Ball F. For we may eaſily conceive, that if all 
of a ſudden, and in an indivifible Inſtant, it ſhould 
aſſume the whole Velocity which is communicated to 
it, there could be no flattening on either Side. For 

it would fly away before the Ball Fat the very Inſtant + 
of Contact, with a Velocity equal to that of the 
ſtriking Body z which would make it eſcape from it's 


Action or Influence. 
3 APPLICATIONS, 
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APPLICATIONS. 


Sine in the Percuſſion, wherein one of the two 
Bodies is at Reſt, the Velocity of the ſtriking Body 
diminiſhes in Proportion to the Maſs of the Body 
ſtruck, we muſt draw from thence this Conſequence; 
that the Motion muſt be inſenſible after the Shock, 
if the Body at Reſt is infinitely greater than that 
which ſtrikes it. And it is doubtleſs for this Reaſon, 
that a Cannon Ball ſeems to have loſt all it's Motion, 
when it is ſhot againſt a Rampart, or againſt a ſtrong 
Caftle. For the Velocity which remains to-it after 
the Stroke, is to that which it communicates, as it's 
Maſs is to that of the Obſtacle it ſtrikes ; that is, as 
an infinitely little Quantity, to one that is infinite) 


Ti, alſo in conſequence of this Principle, that it 
is often ſaid, the greateſt Bulk is always removed 
(tho? infinĩtely little) by the Percuſſion of the ſmalleſt 
Body. But I cannot ſee why we are obliged to admit 
this Propoſition, as a neceſſary Conſequence from the 
Law we have now eſtabliſhed, except we ſuppoſe the 
Body ſtruck to be perfectly inflexible. Otherwiſe let 
it be never ſo great, it's Reſiſtance will be at a ſuffi- 
cient Duration to conſume all the ſenſible Velocity of 
the moving Body, by the Introceſſion of the Parts, 
which will be occaſioned by the Impulſe. 

Tax Experiments now alledged will alſo inform 
us, why all Bodics in general are broke, or ſooner 


loſe their Figure, by ſtriking againſt Obſtacles (4! 
| ; f * grs 
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are immoveable, than when they meet with ſuch as 
may be moved. A Veſſel will ſplit againſt a Rock, 
but may be unhurt by hitting againſt another Veſſel 
at Reſt. *Tis becauſe the Rock. giving way but 
little or nothing to the Motion of the Veſſel, the 
Parts of this which begin the Conflict have already 
loſt all their Velocity, while the others have till all 
theirs, Therefore a Change of Figure is made ; the 
Pieces are ſtrained and break, if the Shock is violent 
enough. Whereas if the Veſſel had met a floating 
Body which would comply with it's Impulſe, the 
Parts expoſed to the Shock would not. be entirely 
ſtopt, and the others are retarded by lictle and little 
as well as themſelves. 

WoRKMEN that labour at the Hammer, ſay that 
it makes a falſe Stroke, when the Matter they are at 
work upon lips from them, whether it be becauſe it 
is not ſufficiently ſupported, or becauſe the Tool is ill 
directed. And the Smith juſtly complains if his An- 
vil is too light, or if it is ſupported by a Block that is 
unſteady. For then the Iron that he is at work upon 
yielding with it's Point of Support, his Stroke has 
not it's full Effect, as it would have had if his Anvil 
had been better fixt, and had kept the Side of the 
Iron which touches it at perfect Reſt, while he ſtrikes 
the other Side with his Hammer. 

Taz Play of Mall or Racket, has ſo much Rela- 
tion to our firſt Propoſition, about the Percuſſion of 
Bodies, and to the Experiments we have made Uſe of 
in proving it, that it is almoſt needleſs to make any 
Application of it here. If we attend to it ever fo 

Q4 little 
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little we ſhall ſoon ſee, upon what the Proportions 
gre founded, which ſhould be obſerved between the 
Maſs of the Racket and the Ball. How one, by 
Means of à long Handle, receives from the Player a 
very great Velocity; why, and in what Proportion, 
a Part of this Velocity is cammunicated to the 
other, &c, 


2 N 


PROPOSITION I. 


HEN two Bodies moving the ſame way with 

unequal Velocities ſtrike one another, whe- 

ther their Maſſes are equal or not, they will continue 

to move together in their firſt Direction with a com- 

mon Velocity, which will be leſs than that of the 

ſtriking: Body, but greater than that of the Body 
{truck before the Percuſſion. 

As ſoon as we ſuppoſe that the two Bodies move 
the ſame way, it follows neceſſarily, that which pre- 
cedes muſt not move ſo faſt as that which follows, 
otherwiſe there can be no Colliſion. For if both 
moved with equal Velocities, it is plain they could 
not approach to each other. When that which moves 
ſwifteſt overtakes the Nower, it's Slowneſs makes an 
Obſtacle to the other. But this Obſtacle is in Mo- 
tion, and muſt divide the Exceſs of the Velocity of 

the 
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the ſtriking Body in the Ratio of it's Maſs 3 as hag: 


been proved before. The following Experiments will 
ſhew, in what Ratio the Velocity is retarded i in one, 


and apceſerated in the other. 


EXPERIMENT I. 
PREPARATION, 


Lir each of the Balls D and F be 2 Ounces in 
Weight, and make them fall at the ſame Time, ons 
in an Arch of 3 Graduations, and the other in an 
Arch of 6, being both taken on the ſame fide. | 


ErFECTSs, 


Tuxsz two Balls will joyn in the Place where 
their Threads of Suſpenſion are perpendicular to the 
Horizon, A ſmall flattening is made in each, after 
which they continue to move together on the ſame 
Side, and aſcend an Arch of 41 Graduations. 


EXPLANATIONS. 


Taz Ball F having 6 Degrees of proper Velocity 
againſt 3, approaches to the Ball D with a relative Ve- 
locity of 3 Degrees, or the Exceſs of 6 above 3. We 
ſhall tell elſewhere why it comes to paſs, that when 
the Motion is made in Arches of the ſame Circle, 


tho! 
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tho” unequal ones, yet the two Balls will ſtrike ex- 
actly in that Place, which is the loweſt of their 
Fall. 

As to the finkings of ths Purts which touch in the 
Shock, they ought to be proportional to the relative 
Velocity, which is leſs than the abſolute or proper 
Velocity of the ſtriking Body in the preſent Caſe; 
wherein the Ball that is ſtruck moving the ſame way, 
partly avoids the Force of the Stroke. 

LASTLY, the two Balls aſcend together in an Arch 
of 41 Graduations. That is to ſay, that their com- 
mon Velocity compared to that of the Ball F before 
the Shock, is found to be diminiſhed by à fourth 
Part. And this is what ought to be expected; for 
the ſtriking Body having 6 Degrees of Velocity, and 
meeting another Body of -a Maſs equal to it's own, 
which has but 3 Degrees, ought to loſe ſo much of it 
as is neceſſary, that he may communicate to the other 
enough to enable it to move as faſt as itſelf, But the 
Equality of their Maſſrs requires, that it ſhould give 
it 1 4, which is the Half of 3, the Difference of the 
two Velocities before the Shock, Now 1 + taken 
from 6 and added to 3, makes 45 in one, and as 
much in the other. 


EXPERIMENT II. 


PREPARATION. 


cates codes firſt, with 


r 


and 
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and the Ball F 2 Ounces; the Velocities remaining 
in the Ratio of 3 to 6. | 


EFFECTS. 


AxrTER the Colliſion the two Balls continue to 
move together. The flattenings are greater than in the 


foregoing Experiment; and the Arch they deleribe | 
is of 4 Graduations, 


| EXPLANATIONS. 


WHAT we have ſaid to explain the firſt Experi- 
ment may be applied to this. We ſhall only make 
Uſe of the ſame Reaſoning, obſerving the Propor- 
tions. The Exceſs of the Velocity in the Ball F be- 
fore the Shock was 3, which muſt be diminiſhed by 
two Thirds, by the Reſiſtance of the Ball D, which 
has a double Maſs. So that after the Shock there 
ſhould be found 4 Degrees of Velocity, becauſe of. 6 
which was in the ſtriking Body; there are only 2 loſt 
by the Action, which makes the Velocity the ſame in 
both the Balls, Es 

THz flattenings are greater than in the firſt Expe- 
riment, becauſe the Reſiſtance of the Body ſtruck was, 
ſtronger. This we ſhall eaſily admit, when we con- 
ſider, that the Ball D being 4 Ounces, conſumed a 
third Part of the Velocity of the ſtriking Body; 
whereas being only two Ounces in the foregoing * 


it it only conſumed a Quarter of it. 


EXPE: 
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EXPERIMENT III. 
terien. 


Lr the Ball D have 2 Ounces of Maſs, the Ball 
F 4 Ounces, and let the Velocities be in the Ratio of 
_* + Yar 


_-EyxExcrs. 


AFTER the Impulſe the Ball D is carryed away by 
the Ball F, fo that they deſcribe together an Arch of 
5 Graduations. And the Flattenings are leſs than in 


the two preceding Experiments, 


EXPLANATIONS. 


Tus Ball F dividing it's Exceſs of Velocity, 
which is 2, with a Maſs which is leſs by half than 
itſelf, retains two thirds of it. Therefore the two 
Maſſes joined together after the Shock ought to have 
6 Degrees of Velocity, except 1 which is taken away 
by the Reſiſtance of the Body ſtruck, before it aſſumes 
the fame Velocity as the ſtriking Body. 

Tus flattenings are not ſo great as in the preceding 
Caſes, becauſe the Refiſtance was not ſo ſtrong on 


the Part of the Body ftruck. For 2 Ounces of Bulk 

reſiſt 4 Ounces, leſs than 4 reſiſts 2, or 2 reſiſts 2: 

OF Velocities * ſtill in the ſame Ratio. 
ArLIcATIoxs. 
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APPLICATIONS, 


Ir is eaſy to ſee by the Experiments of the ſecond 
Propoſition, that after the Shock of two Bodies, of 
which one moves faſter than the other in the ſame 
Direction, the proper Velocities, in order to become 
equal, in one Change from more to leſs, and in the 
other from lefs to more, Since that of the Body D 
has always been encreaſed, and, on the contrary, that 
of the Body F has always undergone ſome Diminu- 
tion. Tis thus that a Boat which complies with the 
Impulſe of the Oars, receives an Increaſe of Velocity, 
and retards that of a Volume of agitated Air, in the 
Direction of which it moves. It does not go ſo 
ſwift as the Wind, but it's Motion is always quicker 
than if it had * . by the Strength of the | 
Rowers. 

Taz ſwifteſt Flight, the hardeſt running, does 
not hinder but that the Bullet of the Sportſman ſhall 
overtake the Game that flies before him. But at equal 
Diſtances the Blow is not ſo ſure, as if the Animal 
ſat ſtill, or came the contrary way. And it is well 
known that a Hare, a Buck, Sc. ſhot in the Flank, 
is more eaſily knocked down, than when he flies be- 
fore the Stroke. One of the Reaſons that may be 
given for it is, that then the relative Velocity of the 
Buller is greater, becauſe the Animal moves in a Di- 
rection which withdraws it but little or not at all from 
the Sportſman, which is then as it were fixt, We 

have 
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have ſeen by the Experiments of the firſt Propoſition, 
that in ſuch a Caſe the Shock 1 is greater. 
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F the two Bodies which are to impinge move di. 
rely contrary ways, the Motion will be deſtroyed 
in both, or at leaſt in one of them. If any remains 
after the Shock, the two Bodies will go the ſame 
way, and the Quantity of their common Motion will 
be equal to the Exceſs of one above the other before 
the Shock. 

Tnar is to ſay, his te Cale ein the eve 
Motions are equal before the Shock, the two Bodies 
will be reduced to a State of Reſt. And if one of 
them had more than the other before the Percuſſion, 
there would remain afterwards only the exceeding 
Quantity, which would de the common Motion of 
. the two Bodies. The two following Experiments 


"EXPERIMENT 1 


Tanne 


© Tux Bull D weighing 2 Ounces, 0d the Bull Fe 
much, one is raiſed in an Arch of 6 Graduations on 
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one Side, and the other in an equal Arch on the 
contrary Side; and both are let fall at the ſame 
Time. 8 

Errzers. 


TxzsE two Bodies will meet each other in the 
loweſt Place of their Fall, where they will remain at 
Reſt. And their flattenings are greater than in the 
Caſe, wherein the Ball F falls in an equal Arch a- 
gainſt the Ball D at Reſt, or if it flies before it. 


os 


ExyLanaTIONS, | 


In this Experiment, the Quantity of Motos wb e. 
qual on both Sides. For in each Ball beſore the 
Shock, we reckon 6 Degrees of Velocity drawn into 
2 Ounces of Maſs. Two Bodies that meet, moving 
contrary ways, give mutual Reſiſtance to each other. 
Here on each Side the Force or Power is kept in 
Equilibrio by an equal Reſiſtance, and this Equili- 
brium produces a State of Reſt in both the Bodies. 

Tas flatrenings are greater than they were in the 
Experiments of the two firft Propoſitions, in which 
we have always given 6 Degrees of Velocity to the 
ſtriking Body. But it muſt be conſidered, that the 
relative Velocity, on which the Force of the Shock 
depends, is double or more than double, . Far when 
the Ball D was at Reſt before the Shock, the relative 


Toons of F was nothing elſe but it's proper Velo- 
| city, 
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city, that is 6, or leſs than 6, when the Ball D fled 
before it. Here the two Balls having 6 Degrees of 
proper Velocity, in going one towards another, the 
relative Velocity is 12; that is to ſay, the Space 
which ſeparates them before the Shock is deſcribed in 
as little Time again, 


EXPERIMENT II. 
PazPARATION. 


Tur two Balls D and F are made to move one 
towards another, as in the foregoing Experiment; 
and their ities of Motion are put in the Ratio 
of 12 to 24, by doubling ve daſs on the Velocity 
of F. | 


7 51060 X 
* go» - 


3 EFFECTS. 


Ar rz the Shock the two Balls continue to move 
in the Direction of F, with 2 Degrees of Velocity, 
if the Motion was doubled by the Maſs ; or with 3, 
if ic was doubled by the Velocity. = 


ExzyLAKATIONS, 


_ Ates undes of the Ball F proceed 


from 4 Ounces of Maſs, and 6 Degrees of Velocity; 
"Si Gene che" BD! eviningy ag ie wit 
N 12 
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12 Degrees of Motion, produced by 2 Ounces into 
6 Degrees of Velocity; it oppoſes it's double Maſs 
ind Half of it's Velocity to ſtop it, and that is ſuf- 
ficient. For 3 of Velocity into 4 of Maſs, equals 
the whole Motion of the Ball D, which is 22. There 
remains then to the Ball F 3 Degrees of Velocity, 
with which it continues to aft upon D, which we 
muſt conſider as at Reſt immediately after the Con- 
tat, But it cannot move a Body at Reſt, but by 
communicating ſome Velocity to it at the Expenſe 
of it's own; and we have ſeen, that this Communi- 
cation is made in the Ratio of the Maſſes. As the 
Ball D has but 2 Ounces of Maſs againſt 4, the Ball 
F will loſe only a third Part of the Velocity that re- 
mains to it. So that the common Velocity after the 
Shock, is 2 for two Maſſes, which taken together are 
equal to 6 Ounces, AS | 

Ws ſee then, firſt that the Motion which remains 
after the Shock, is equal to the Difference of the two 
Quantities before the Shock ; for 14 is the Exceſs of 
24 above 12. Secondly, that this Difference divided 
by the Sum of the Maſſes, gives the common Velo- 
city after the Shock. For 12 divided by 6, the Sum 
of 2 and 4 Ounces, gives 2 Degrees of Velocity, as 
the Experiment has repreſented it to be, 

We ſhould find the ſame thing if we had doubled 
the Motion of the Ball F, by doubling it's proper 
Velocity, For then, in order to ſtop the Ball D, 
which we ſuppoſe to have 12 Degrees of Motion, 
and equal in Maſs, it would loſe 6 Degrees of Velo- 
city.” And to carry it with it, it muſt ſtill communi- 

YOL. I. R cate 


= 
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eate to it 3 of thoſe 6 which remain to it. After the 
Shock there will then remain 3 Degrees of Velocity 
in common to 4 Ounces of Maſs, the Sum of the 
two Balls. And conſequently the Quantity of Mo- 


tion would be always 12, the Difference of 24 
and 12. 


APPLICATIONS, 


_ Tarsz laſt Experiments ſhew in general, why we 
muſt uſe more Force to repel a Body that way which is 
contrary to it's Motion, than merely to ſtop it, For 
we muſt not only make Uſe of a Force equivalent 
to it's own, to overcome it's firſt Motion, but we 
muſt ſtill add all that is neceſſary, to make it acquire 
a new Motion. *Tis for this Reaſon that we muſt 
make a ſtronger Effort, to make a Ball go backwards 
*which is rolling upon a Plain, than to ſtop it by op- 
poſing it's Progreſs. But we have ſeen at the ſame 
Time, that the Effort of a moving Body which is 
going againft another, may be increaſed both by it's 
Velocity and by it's Maſs, We therefore cannot be 
ſurprized to ſee, that Players at Tennis ſometimes 
find their Racket too light ; becauſe, ſuppoſing the 
Stroke to be ſtruck with the ſame Velocity, it's Effect 
will not be fo great, if the Maſs with anner 
is too A and teeble, 


C OROLLARY, 
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COROLLARY, 


IT follows from the two firſt Propoſitions, and 
from the Experiments made Uſe of to prove them, 
firſt, that when the Motions are not mutually oppo- 
fite, the two Maſſes united after a Shock, exhibit the 
ſame Quantity of Motion which ſubſiſted in one of 
them, or in both before the Contact. Let us take 
the firſt Experiment of the firſt F for an 
Example. ; 

Brok f the Shock the whole Motion reſided in 
the Ball F, the Quantity of which was 12, the Pro- 
duct of 6 Degrees of Velocity by 2 Ounces of Maſs. 
After the Shock the Quantity of Motion in the two 
Balls united was ſtill 12, the Product of 4 Ounces of 
Maſs by 3 Degrees of Velocity in common. This 
Calculation may eaſily be applied to the other Expe- 
riments, and we ſhall always find the fame Con- 
duſion. 

From this firſt Conſeguepce there ariſes another, 
which is, that if we know the common Velocity 
after the Shock, we may Know what is the Sum of 
the Maſſes ; and vice verſd, the Sum of the Maſſes 
will ſhew the common Velocity. For an Example, 
ve will take the firſt — of the ſecond Pro- 
poſition. 

Tu Sum of the Motions before che Shock was 18, 
that is 12 the Product of 2 Ounces by 6 Degrees of 
Velocity; and 6 the Product of 2 Ounces by 3 Degrees 

WER of 


260 Lectures in Experimental Philoſophy. 
of Velocity. According to the firſt Conſequence, 
the two Maſſes after the Shock ought to exhibit to- 
gether a Quantity of Motion equal to 18. We knoy 
the whole Maſs is 4 Ounces, Divide 18 the Quantity 
of Motion, by 4 the Sum of the Maſſes, and the 
Quotient 4 * is the common Velocity. 

Acain, we know the common Velocity is 4:, 
and we ſhall know the Sum of the Maſſes is 4, by 
dividing 18 by 4 +. 

LasTLy, we ſee by the third Propoſition, firſt, 
that when the Bodies ſtrike one another by meeting 
directly, a Part of the Motion is loſt. Secondly, 
that as in the other Caſes, we may judge by the com- 
mon Velocity after the Shock, and by the Ratio of 
the Maſſes, what were the proper Velocities before 
the Shock. Or elſe what is the Ratio of the Maſſes, 
by comparing the common Velocity with the proper 
Velocities. | 


TA 
ARTICLE 
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ARTICLE I. 
Of the PERCUSSION of Elaſtict BODIES. 


N all the Experiments which have ſerved as Proofs 
of the Propoſitions concerning the Shock of non- 
elaſtick Bodies, we have always obſerved two principal 
Effects, that is, a Communication of Motion from 
the ſtriking Body to the Body ſtruck, and a Change 
of Figure or a flattening of each at the Place of Con- 
tat. Theſe two Effects have one common Cauſe, 
which is the Percuſſion. *Tis by this Action that 
the Velocity is tranſmitted, and is diſtributed uni- 
formly between the two Maſſes. But during the 
Time this Diſtribution is making between the two 
Bodies, their Figures are changed, and the flattening 
that proceeds from thence, depends particularly on the 
longer or ſhorter Reſiſtance of the Body that is ſtruck; 
'Tis for this Reaſon, that tho” the relative Velocity 
ſhould be always the ſame, the Quantity of the flat- 
tenings would always vary, according to the Ratio of 
the Maſſes which ſtrike one another; as may be ob- 


krved from the foregoing Experiments. 


R 3 Is 
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Ix the Shock of elaſtick Bodies, Nature is uniform, 
and always follows the Laws ſhe has preſcribed her. 
ſelf, which we have ſeen in the Percuſſion of Bodies 
that are non-elaſtick. But as the Parts ſunk in by the 
Stroke, reſtore themſclves with the ſame Velocity 
with which they were diſplaced ; this laſt Effect, 
which is blended with that of the Motion commu- 
nicated by the Shock, introduces a great Change in 
the Reſults, 

Wr muſt therefore carefully diſtinguiſh two Sorts 
of Motion, in the Percuſſion of elaſtick Bodies. One, 
which is independent of Elaſticity, and which we 
will call primuive Motion. The other ariſes from the 
Reaction of the Bodies, which are flattened or com- 
preſſed by the Shock, which we will call Motion of 
Elaſticity, n flefied Motion, or amply Reafion. 


Snus nnen 
PROPOSITION I. 


HEN an elaſtick Body ſtrikes another ela- 

ſtick Body which is at Reſt, or which moves 
the ſame way with it, this, after the Shock, moves in 
the Direction of the ſtriking Body, and with a Ve- 
locity compounded of that which was given it im- 
mediately, or by Communication; and of that which 
it acquires by it's Reaction after the Shock. And 
the ſtriking Body, the Spring of which acts the con- 
trary way, 1 either wholly or in part what it had 


kept 
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kept of it's firſt Velocity. And if it's reflected 
Motion exceeds the Remainder of it's firſt Ve- 
Jocity, it goes back according to the Quantity of 
this Exceſs, 

Txzsz general Expreſſions will be better under- 
ſtood, if we apply them to particular Caſes, Let us 
ſuppoſe then the Maſſes to be equal. In conſequence 
of this firſt Suppoſition, I ſay, that, after the Shock, 
that Body which was at Reſt will receive, as well by 
Communication as by it's Reaction, a Quantity of 
Motion, equal to that which the other Body had be- 
fore the Percuſſion ; and this will be reduced to Reſt 
by it's Spring, which will deſtroy the Remainder of 
it's primitive Velocity. | 

Ir we ſuppoſe the Maſſes to be unequal, and that 
the Body ſtruck is the leaſt ; after the Shock both will 
go in the Direction of the ſtriking Body, but this 
will have leſs Velocity than the other. 

LasTLy, if the Body ſtruck has more Maſs than 
the other, it will go alone in the Direction of the 
ſtriking Body, and this will return backwards. 

Le r us make theſe three Suppoſitions real, by fo 
many Experiments, which will ſerve as Proofs of our 
firſt Propoſition, and of the Conſequences which we 
ſhall draw from thence, We ſhall make uſe of very 
round Balls of Ivory, which -we ſhall. ſuſpend by 
Threads, as we did thoſe of ſoft Earth, and by help 
of the ſame Machine. 


R 4 EXPERI- 
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EXPERIMENT I. 
PREPARATION. 


TRE Ball D at Reſt weighs 2 Ounces. The Ball 
F is equal to it, and deſcends mag an Arch of 6 
Graduations, 


LY | 


EFFECTS. 


AFTER the Shock, the Ball F remains at Reſt at 
the Place of Contact, and the Ball D deſcribes an 
Arch of 6 Graduations on the oppoſite Side. This 
ſhews, that the Body ſtruck received a Velocity * 
to that of the ſtriking Body. 


. EXPLANATIONS, 


Tu Ball F meeting the Ball D at Reſt, will com- 
municate to it half its Velocity, becauſe of the Equa- 
lity of their Maſſes; and for the ſame Reaſon it 
keeps 3, to continue it's Motion in the ſame Direc- 
tion. Such would be the whole Effect of this Per- 
cuſſion, if the Balls had no Elaſticity, as we have ſeen 
by the firſt Experiment of the firſt Article. But be- 
. cauſe of the Elaſticity, the Ball D being ſqueezed to 
its flattening, reſtores itſelf, being ſupported againſt 
the Ball F; which is the Cauſe that this Reaction 
carrics it forward, with the ſame Velocity it had been 

comp 
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compreſſed. But this Velocity, is half that which 


made the two Balls meet, that is to ſay 3 Degrees. 
So that after the Shock, the Ball D will move with 6 


Degrees of Velocity, that i is 3 which it has received 
by Communication, and 3 which proceed from it's 


Reaction. 

Tux Ball F has kept 3 Degrees of it's primitive 
Velocity; but it's Reaction, which is equal, is made 
the contrary way, and makes it reſt. 


EXPERIMENT II. 
PREPARATION, 


Tur Ball D being 2 Ounces, and the Ball F 4 
Ounces, to this are given 6 Degrees of Velocity, the 
other being at Reſt. 


EFFECTS. 


AzTzx the Shock, the Ball D deſcribes 8 Gradu- 
ations, in the Direction of the Ball F, and this con- 
tinues to move on the lame ſide, and deſcribes 2 Gra- 


duations. 


EXPLANATIONS. 


Wu muſt firſt conſider the Motion communicated 
in the Ratio of the Maſſes, independently of the Ela- 
ſticity, and afterwards ſee what the Reaction adds to 


this firſt Effect, or what it takes from it, le 
y 
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Ir the Balls were not elaſtick, F of 4 Ounces 
meeting D of 2 Ounces at Reſt, would loſe only 2 
Negrees of Velocity of the 6 which it has, and the 
two Maſſes would paſs on the ſame way with a com- 
man Motion, the Velocity of which would be 4, as 
we have ſeen above, Prop. I. Exper. II. But after 
the Shock, there is a reciprocal Reaction between the 
two Balls, becauſe of their Elaſticity z and this Re- 
ation is equal to 4 Degrees of Velocity communi- 
cated, which have cauſed the Compreſſion. We muſt 
therefore conſider this Reaction as a Force, which ex- 
erts itſelf between the two Balls, to repel them from 
each other. It concurs with the Motion communi- 
cated to the Ball D, and increaſes it by half. On the 
contrary it tends to deſtroy that which remains to the 
Ball F, But we muſt take notice, that this laſt Maſs 
is of 4 Ounces, double to the other, and that the 


Reaction which can make 2 Ounces advance 4 Spaces, 


to a Weight that is double, can only make it go back 
2 Spaces. Thus the Ball F, notwithſtanding it's Re- 
action, advances ſtill 2 Graduations after the Shock, 
by virtue of it's primitive Motion. 


SIATERIMENT II. 
PREPARATION. 
Tyr Ball F of 2 Ounces, with 6 Degrees of Ve- 
locity, ſtrikes the Ball D at Reſt, which weighs 4 


Ounces, 
"Þ Errrers 
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ExyrzcCTs. 


ArTER' the Shock the Ball D deſcribes 4 Gradu- 
ations, in the Direction of the Ball F, and this re- 
rurns back the Spage of 8 Graduations. 


ExXPLANATIONS. 


Tu Reſiſtance of the Ball D, againſt the Ball F, 
has reduced the primitive Velocity from 6 to 2, by 
virtue of it's double Maſs. But the 2 Degrees of Ve- 
locity, which it has received by Communication, have 
been the Occaſion of a Reaction of the ſame Quantity, 
which cauſes it to deſcribe 4 Graduations forward. 
The ſame Reaction acting upon F, which weighs only 
2 Ounces, ought to have produced a double Effect; 
that is to ſay, that in virtue of it's Elaſticity, it ſhould 
deſcribe 4 Graduations backwards ; but it has kept 2 
Degrees of it's firſt Velocity. This Effe& therefore 
is ape 6dr half, fo that it deſcribes no more 
than 2, 


APPLICATIONS, 


Ws may obſerve by the Reſult of the three Expe- 
riments, now produced as a Proof of our firſt Pro- 
poſition, that the Motion of Reaction, always doubles 
that which the Body ſtruck acquires by Communica- 
tion, For when the Ball D, by virtue of the pri- 
mitiye Motion of F, ought only to have had 2, 3, 

| | | Or 


— 
* 
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or 4 Degrees of Velocity, we have ſeen that it had 
4, 6, or 8. | 

We ſhould farther obſerve, that this ſame Re. 
action, which doubles the Motion of the Body ſtruck 
to go forward, endeavours with as much Force to re- 


pel the ſtriking Body backwards. But this laſt Effect 


diminiſhes as the Maſs increaſes. For Example, 
when, by Virtye of this Force, the Ball D of 2 
Ounces, received 4 Degrees of Velocity forwards, 
4 Ball F of 4 Ounces, received only 2 back- 


Trxsz two Obſervations may make us compre- 
hend the Reaſon of ſeveral Effects, which we have 
every Day before our Eyes, and which it would be 
difficult to explain without the help of theſe Prin- 
ciples. | | 

ALL Artificers that work in their Chambers upon 
Anvils, or Heaps of Iron, as Planiſhers, Goldſmiths, 
Watchmakers, Sc. never fail to deaden their Blows 
by a Roll of Matting, or ſomething of a like nature, 
upon which they place the Block that bears the In- 
ſtrument. Without this Precaution, a great Part of 
the Force impreſſed by the Hammer, would be tran(- 
mitted to the Floor, and would create ſhakings to 
the prejudice of the Building. 

*T1s for like Reaſons, that they conſtruct the 
Ramparts of fortifyed Places of Brick work. For if 
they build them of Free-ſtone, or other hard Mate- 
rials, when Cannon-Balls come to ſtrike againſt theſe 
elaſtick Bodies, they would tranſmit their Motion to 


2 greater Depth, and would gauſe more Damage. 
| Tas 
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Taz Effects which reſult from the reciprocal Re- 
action of two elaſtick Bodies, which are ſqueezed by 
Percuſſion, would be the ſame if theſe two Bodies, 
abſtrating from their Elaſticity, had preſſed between 
them a third Matter capable of reſtoring itſelf, As 
if for Example, a Ring of Steel, Fig. 18. was ſtruck 
at the fame time on each Side, by two Balls A and 
B, ſuſpended by Threads, This Ring compreſſed 
by the double Shock, as it reſtored itſelf would repel 
the two Bodies which had ſtruck it, at Diſtances pro- 
portional to their Maſſes. That is to ſay, equally far 
if they were equal, or that of the two the farther, 
which is not ſo heavy as the other, 
Ws are to expect the ſame thing from a Body, 
the Spring of which being bent before-hand, unbends 
itſelf between two moveable Bodies. As if the Steel 
Ring we ſpoke of was compreſſed by a diametrical 
Thread, and was permitted to unbend againſt the two 
Bodies A and B, They would be both impelled con- 
trary ways, and at Diſtances which would be in a re- 
ciprocal Ratio of their Weights. | 
Tus Effects, which are Conſequences from our 
firſt Propoſition, will ſerve to explain the recoiling of 
Guns, Fuſees, and all Fire-arms. For we ought to 
look upon the Powder, which is fired between the 
Breech and the Ball, as a Spring which unbends both 
ways, It's Action in the two moving Bodies pro- 
duces a Velocity, which is ſo much the greater in one 
of the two, as it's Maſs is relatively leſs than the 
other. So that as the Cannon, the Muſket, Sc. 
(eſpecially conſidering the Obſtacles which — 
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them) are much more difficult to move, than the 
Ball or Bullet with which they are charged ; we may 
eaſily conceive, why the latter Body receives from 
the inflamed Powder a valtly greater Velocity, 

AnoTHER Reaſon farther contributes to augment 
the Velocity of the Ball. *Tis a certain Length given 
to the Cannon, which affords time to the Powder to 
light, and to exert it's whole Action. If it is too 
ſhort, the Bullet will be gone out before the Explo- 
fion is entirely finiſhed. This is one of the Reaſons 
why Piſtols never carry fo far as Guns: And their 
Barrels are made longer, when they are intended to 
ſhoot at a good Diſtarice. But even this Length has 
it's Limits. And when theſe are exceeded, inſtead of 
giving a greater Velocity to the Ball, on the contrary 
they loſe Part of it by # needleſs Friction, which 
would be prevented if the Barrel had 4 due Propor- 


tion. | 

As to the Recoil we may fay in general, that ſup- 
poſing the Quantity and the Quality of the Powder 
to be alike, a Gun recoils ſo much the more; as the 
Charge of the Bullet makes the more Refitarice, ci- 
ther by it's Weight, or by the Wadding that keeps 
It in. = | 

A Rocket flies up, becauſe it's lower Part, which 
is fired, performs the Office of a Spring, which alls 
one way againſt the Body of the Rocket, and the other 
way againſt a Volume of Air, which does net yield 
ſo faſt as it is impelled. And as this Spring is con- 
tinually renewed by the ſucceſſive In fam mut ion of all 
the Parts of the Rocker, it accelerates ay | 

| of 
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for two Reaſons. Firſt, becauſe it is contained in the 
Body itſelf, and therefore adds continually to it's 
Velocity. And, ſecondly, becauſe the Weight or 
Reſiſtance of this Body is diminiſhing every Inſtant, 
by the Diſſipation of the Parts as they burn away. 

IT may be aſked here, why upon a Billiard-Table, 
when a Ball is ſtruck againſt another at Reſt, the 
- ſame thing does not happen as in the firſt Experi- 
ment, which ſeems to be juſt the fame Caſe? When 
the Balls are equal, why does that which ftrikes con- 
tinue almoſt always to move? Ought it not to reſt 
without Motion after the Shock, as it happens to 0 
Ball F, when it meets with D at Reſt? 

Tuouon theſe two Caſes ſeem to be like, yet 
they differ in this, that the Ball F in our firft Experi- 
ment, has only one ſimple and dire& Motion, where- 
as the Ball we would compare with it has two Mo- 
tions, For not only it's Centre moves in a Right- 
Line, but at the ſame time it rolls upon the Plain, 
and all the Parts of it's Surface, deſcribe parallel 
Circles about it's Axis. When it ftrikes a Ball at 
Reſt, the direct Motion of it's whole Mats is ſtopt, 
for the Reaſons we have alledged. But that of it's 
Parts revolving about the common Axis ſubſiſts. So 
that at the Inſtant of the Shock, if the Plain were to 
vaniſh, and it was ſupported by it's Poles, we ſhould 
ſee it turn round without going forwards or back- 
wards, But if this Motion of Rotation is made upon 
_ a Plain, it muſt neceſſarily carry the Ball forward 3 
which CORE IRS. 


PRO: 
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PROPOSITION HI. 


F two elaſtick Bodies, whether equal or unequl 
in Maſs, ſtrike one another with proper Velocities, 
which ate either equal or unequal; they will ſeparate 
_ after the Shock, and their relative Velocity will be 
the ſame as before the Shock. 5 | 

Ir theſe: two Bodies were non-elaſtick, either they 
would reciprocally ſtop one another, or one of the two 
would carry away the other, as we have ſeen by the 
Experiments of the firſt Article. If they ſeparate, 
tis only in virtue of their Reaction. But we have 
alſo ſeen, that this Reaction is equal to the Com- 
_ preſſion, which is as the relative Velocity before the 
Shock. Therefore that which reſults from it after 


the Shock muſt be equal to it; and this is what 
s confirmed by the Experiment. 


"EXPERIMENT I 
a PazPARATION. 


"Tax Bil D wichine a Ounces, and the Bull F 
the ſame; they are made to fall againſt one another 


along Arches of 6 Graduations cach. * 
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Caſe wherein the Maſſes and the proper Velocities are 
equal. 


EFFECTS, 


AFTER the Shock the two Balls ſeparate, and 
each on it's own Side aſcends an Arch of 6 Gradua- 
tions. Thus the proper Velocities are of 6 De- 
grees, and the relative Velocity of 12, as beforg 
the Shock. 


EXPLANATIONS, 


Taz two Balls, by ſhocking one another with 
equal Forces, will loſe all their primitive Motion; 
but a Reaftion equal to the Force with which they 
were compreſſed, or (which is the ſame thing) equal 
to their relative Velocity, has put them in a Capacity 
of re-aſcending the ſix Graduations which they hag 
deſcribed by their Fall. | 


EXPERIMENT Il. 


PREPARATION. 


Lr there be given to the Ball D 4 Ounces of 
Maſs, and to the Ball F 2 Ounces, and let them fall 
one againſt another, the firſt along an Arch of 4 Gra- 
duations, and the ſecond along an Arch of 8. This 
a Caſe wherein there is an Equality of Maſſes, and 

8 of 
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of proper Velocities, tho? the relative Velocity | i 
ſtill 12. 


* 


Errors. 


Arx the two Balls have ſtruck, they return to 
the Place from whence they parted before the Shock; 
which ſhews, that the relative Velocity is the ſame as 
before the Shock. 5 


ier; 


Ir the two Balls D and F of this Experiment had 
no Elafticity, they would mutually ſtop each other, 
becauſe their Forces are equal. For 4 Ounces of 
Maſs, drawn into 4 Degrees of Velocity, give 16 for 
the Quantity of Motion z which is equal to 8 De. 
a of Velocity drawn into 2 Ounces of Maſs. 

ut theſe two Balls are elaſtick, and their Compreſ- 
fon is the Effect of a relative Velocity of 12 Degrees. 
The Reaction is therefore a like Velocity applyed on 
one Part to a Ball of 2 Ounces, and on the other to a 
Ball of 4 Ounces. But the Force which can tranſport 
2 Ounces to 8 Graduations, can make a Maſs of 4 
Ounces deſcribe” only 4 Graduations, in the ſame 
Time. Therefore after the Shock, the two Balls 
"ought to return to the Places they 7 parted from, as the 


en ſhews they do. 


APPLICATIONS 
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APPLICATIONS, 


WHAT we have taught concerning the Percuſſion 
of two elaſtick Bodies, obtains alſo when there is a 
great Number of them contiguous to one another, 
And theſe Effects are executed with an Exactneſs to 
be admired. If for Example, we ſuſpend 7 or 8 
Ivory Balls, ſo as to have their Centres all i in the 
ſame Right Line, as is repreſented i in Fig. 19. and if 
we make the firſt to fall in an Arch of a Circle 
2gainft the ſecond z the eighth will ſeparate from 
the others with a Velocity equal to that, which the 
ſecond would have had after the Shock, if nothing 
had hindered it's Motion, And if we make two 
together to fall againſt the third, the two laſt will 
ſeparate from the others, which will all continue at 
Reſt, 

In like manner alſo, if we make the eighth to fall 
againſt the ſeventh on one Side, and the firſt againſt 
the ſecond on the other; theſe two ſtriking Balls 
will aſcend after the Shock, by the ſame Arches that 
they will deſcribe in deſcending, as if their Percuſſion 
had been immediate. 

To explain theſe Effects it muſt be remembered, 
18 we have obſerved above, that an elaſtick Ball, in 
the Inſtant of ſtriking, aſſumes an Oval Figure, by 
which not only the Part truck is brought nearer the 
Centre, but alſo that which is diametrically oppo- 
lte to it. Theſe two Parts reſtore themſelves im- 

82 meſdiately, 
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mediately, and with Velocities equal to that with 
which their Compreſſion was made. We may con- 
ceive then, that the ſecond Ball being ſtruck by the 


firſt, immediately ſeparates itſelf a little from the 
wird; and as den by Communication as by Re. 
action, having aſſumed a Velocity equal to that of 
the Body which ftruck it, as we have explained in 


the firſt Experiment of the firſt Propoſition ; it does 


to the following Ball what the firſt did to it. The 
fame thing is dotie by the third and the fourth, and 


D on to the laſt, which being with-held by nothing, 


complies with the Impulſion it has received, and 


deeſcribes an Arch which expreſſes a Velocity, equal 


to that of the firſt ſtriking Body. 

Tus Examples of Motions communicated by 
contiguous elaſtick Bodies, will be of good Ute to 
us hereafter, in confirming ſome Opinions (other- 
wiſe vety probable) concerning certain Phznomena, 
in the Explication of which, the Philoſophers are 
not yet agreed. We ſhall content ourſelves at pre- 
ſent to ſettle theſe Experimental Principles, which 
we ſhall afterwards make uſe of and appeal to, 28 
the order of our ſeveral Subjects may require. 


COROLLARY. 


Ir may be obſerved from the Experiments we 
have produced, that when the elaſtick Bodies ſtrike 
one another in ſuch manner, that they continue to 
move in the ſame Direction, or that one of the two 
I | © remains 


__— — * _— — 1 
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lemains at Reſt after the Shock; that then the Sum 


of the Motions is the ſame after as before the Per- 


cuſſion. For immediately before the Shock in the 


firſt Experiment, all the Motion reſided in the Ball | 


F, the Quantity of which is 12, that js 6 Degrees 
of Velocity drawn into 2 Ounces of Maſs. And 


the Ball D moving alone. 

Bur if one of the two returns backwards, the 
Quantity of Motion is found to be greater after the 
Shock than before, as appears by the Reſult of the 
third Experiment. For before the Ball-F meets the 
Ball D at Reſt, it's Quantity of Motion is 12, that 
is 6 Negrees of Velocity drawn into 2 Ounces af 
Matter. And after the Percuſſion the Sum of the 
Motions is 20 3 that is 16 in the Ball D, the Pro- 
duct of 4 Ounces by 4 Degrees of Velocity, and 4 in 
the Ball F, the Product of 2 Ounces by 4 Degree 
of Veen fe mee e 

Nor only the Sum of the Motions is greater after 
the Shock, but that of the Body ſtruck even exceeds 
that of the ſtriking Body before the Contact. For 
in the Ball F before the Shock the Motion was 12, 
and after the Percuſſion it is 16 in the Ball D, as we 
have now obſerved, 


Body ſtruck, is exactly equal to the Quantity of that 
which is retrograde after the Shock. This is what 
ve ſhall ſoon perceive, if we conſider that the Quan- 
ity of Motion in the Ball F, which returns back - 
ward is 4, the Difference between 16 and 22. 


Tuus 


after the Shock a like Quantity i is found again in 


Tx 1s Exceſs or this Difference of Motion in the | 
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Tuus the Maſſes being known, if we know alf 
the Velocity of that which. goes. backwards after the 
Shock, we may know the Quantity of Motion of 


the other, and what was the Sum of the primitive 
Motion. 


We muſt not quit this Subject without taking 
notice, that we are not to eſtimate the Impulſe of 


Fluids, by the Rules we have ſettled concerning the 


Percuſſion of ſolid Bodies, For theſe having their 


Parts connected together, act with their whole Mas; 


but it is not ſo with the Action of the others, becauſe 


of the relative Mobility of their Parts. None of them 


make any Effort but ſuch as are immediately and 
directly expoſed to the Shock. The reſt do not loſe 
their Velocity, and conſequently contribute nothing 
to the Effort. Wherefore Water and Wind, do not 
communicate at once their actual Velocity to a moving 
Body; tis only after a certain Time, that it receives 
the whole Motion that can be tranſmitted to it, We 
may eaſily be convinced of this, if we obſerve the 
Sails of a Wind-mill, or the Wheel of a Water-mill, 
when they are firſt put into Motion, 
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